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CHAPTER I INTRODUCTION
A* I n t r o d u c t i o n
In th e  v a l l e y s  o f  Western Montana t h e re  is  f r e q u e n t  ev id ence  o f  
P le i s t o c e n e  g l a c i a l  a c t i v i t y .  The land fo rms in  q u e s t io n  a re  no t  th e  
r e s u l t  o f  th e  type  o f  g l a c i a l  a c t i o n  t h a t  o c c u r re d  e a s t  o f  the  Rocky 
M o u n ta in s .  E a r l y  g e o l o g i s t s  and geographers  w o rk in g  in  the  area b e l i e v e d  
these g l a c i a l  land fo rms were connected w i t h  the C o r d i l l e r a n  Ice  Cap and 
s im u l ta n e o u s  A l p i n e  g l a c i a t i o n .  Time and the la r g e  e x t e n t  o f  the  area 
have n o t  p e r m i t t e d  d e t a i l e d  e xa m in a t io n  o f  a l l  o f  the  m o rp h o lo g ic a l  
d e t a i l s  o f  the  r e g io n .
B. Purpose o f  th e  I n v e s t i g a t i o n
The prob lem as o r i g i n a l l y  p resen ted  by Drs .  V. K. Shaudys and
C. B . Beaty  in  the  S p r in g  o f  Ï 9 6 I was t o  make a f i e l d  s tu d y  o f  the  
m o rp h o lo g ic  e f f e c t s  o f  g l a c i a t i o n  in  the  v i c i n i t y  o f  the  j u n c t i o n  o f  th e  
C le a r w a te r  and th e  B l a c k f o o t  R iv e rs  in  n o r t h e a s t e r n  M is s o u la  County ,  
Montana. The prob lem re s o lv e d  i t s e l f  i n t o  t h r e e  s e p a ra te  bu t  r e l a t e d  
areas o f  i n v e s t i g a t i o n -
1. The f i r s t  purpose was t o  d e te rm ine  the  sou rce  and ch ron o lo gy  
o f  th e  g l a c i e r s  in  the  area o f  s t u d y .  T h is  is  t h e  s u b je c t  o f  Chapter  I I I
2.  The second purpose was t o  d e te rm in e  the  s p e c ia l  e f f e c t s  o f  
th e  v a r y in g  w a te r  l e v e l s  o f  G l a c i a l  Lake M is s o u la  on the  morpho logy  o f  
th e  a re a .  These a re  c o n s id e re d  in Chap te r  IV ^
3 . The t h i r d  purpose o f  t h i s  i n v e s t i g a t i o n  was to  d e te rm in e  the 
e f f e c t s  o f  the  g l a c i e r s  on the  p r e - g l a c i a l  landscape . '  These are  d i s ­
cussed in  C hap te r  V.
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C. L o c a t i o n  o f  S tudy  Area
The j u n c t i o n  o f  the  C le a r w a te r  R iv e r  w i t h  the  B la c k f o o t  R iv e r  is  
about  t h i r t y - f i v e  m i l e s  e as t  o f  M is s o u la ,  Montana ( F i g .  l ) .  The area 
s t u d i e d  com pr ises  about  f i f t y  square  m i l e s  o f  ranch land and f o r e s t e d  
up lands  in  and b o r d e r i n g  the  lower C le a r w a te r  V a l l e y ,  l o c a l l y  termed 
B la n ch a rd  F l a t s ,  and th e  e a s te r n  h a l f  o f  N in e m i le  P r a i r i e  a lo ng  the 
B la c k f o o t  R i v e r  be low i t s  j u n c t i o n  w i t h  the  C le a r w a te r  R i v e r .  In 
a d d i t i o n ,  th e  low h i l l s  t o  t h e  sou th  and e a s t  o f  the  B la c k f o o t  R i v e r  
upstream f rom the  j u n c t i o n  were s t u d ie d  ( F i g .  2 ) .  Access t o  th e  area 
is  no t  d i f f i c u l t ;  Montana S t a t e  Highways 20 and 209 a re  h a r d - s u r f a c e d ,  
a l l - w e a t h e r  roads ,  kep t  open ye a r  round .  Severa l  cou n ty  secondary  
roads and numerous ranch and lo g g in g  roads t r a v e r s e  the  a re a .  The 
r a i l r o a d  r i g h t - o f - w a y  and the  banks o f  the  two main r i v e r s  o f f e r  easy 
access by f o o t  t o  o t h e r  p o r t i o n s .  The b u l k  o f  the  land in  th e  a rea  is  
p r i v a t e l y  owned o r  leased and is  fenced f o r  s t o c k  r a i s i n g .
P la t e  I in th e  po cke t  shows the  area in  more d e t a i l .  T h is  p l a n i -  
m e t r i c  map was com p i led  from 1 :20 ,000  s c a le  a e r i a l  pho tographs  p r o v id e d  
by th e  U n i v e r s i t y  o f  Montana Department o f  Geography. The map shows 
the  im p o r ta n t  roads and t r a i l s  t h a t  a re  useab le  by a u to m o b i le .  The 
u n i t s  mapped are  d e s c r ib e d  i n  more d e t a i l  in  Chapters  IV and V.
D. P re v io u s  I n v e s t i g a t i o n s
A b r i e f  d e s c r i p t i o n  o f  th e  s tu d y  area was f i r s t  made when, on h i s  
r e t u r n  to  th e  G re a t  F a l l s  o f  the  M is s o u r i  R i v e r ,  C ap ta in  M e r iw e th e r  Lewis 
ascended the  C o k a l a r i s h k i t  o r  " r i v e r  o f  th e  road t o  b u f f a l o "  ( B l a c k f o o t  
R i v e r ) .  The f o l l o w i n g  is  taken f rom  t h e , o r i g i n a l  j o u r n a l  e d i t e d  by
E. Coues ( 1893* p . 1073) f o r  the  5 th  o f  J u l y ,  I 8 O6 .
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F ig u re  1 L o c a t i o n  o f  the  s tud y  area in  Western Montana. M is s o u la  
and Powell  County bound a r ie s  shown. (Source W r ig h t ,  e t  a l , 1965)
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" A f t e r  d in n e r  we fo l l o w e d  the  cou rse  o f  the 
r i v e r  eas tw ard  f o r  s i x  m i l e s ,  to  the  mouth o f  a 
c re e k  35 yeards  w id e ,  wh ich  we c a l l e d  W e rn e r 's  
Creek ( C le a r w a te r  R i v e r ) .  I t  comes in  from the  
n o r t h  and w a te rs  a h i g h ,  e x t e n s i v e  p r a i r i e ,  the  
h i l l s  near wh ich  a re  low, and s u p p l i e d  w i t h  lo n g ­
leaved p in e ,  l a r c h  and some f i r .  The road then 
led  N22°W f o r  f o u r  m i l e s ,  t o  a h ig h  i n s u la t e d  ( s i c ) 
knob j u s t  above the  e n t ra n c e  o f  a c re e k  8 ya rds  w ide  
(B la n c h a rd  Creek) wh ich  d is c h a rg e d  i t s e l f  i n t o  
W e rn e r 's  C reek ,  soon a f t e r  wh ich  i t  tu rn e d  N75°E 
f o r  two and o n e - h a l f  m i l e s ,  o v e r  a handsome p l a i n  
w a te re d  by W e rn e r 's  Creek,  t o  the r i v e r ;  t h i s  we 
f o l l o w e d  on i t s  e a s t e r l y  d i r e c t i o n ,  th rough  a 
h ig h  p r a i r i e ,  rendered  v e ry  unequal by a v a s t  
number o f  l i t t l e  h i l l o c k s  and s i n k - h o l e s ,  and a t  
t h r e e  m i l e s  d i s t a n c e  camped near the  e n t ra n c e  o f  
a l a r g e  c re e k ,  20 ya rds  w id e ,  t o  wh ich  we gave 
th e  name o f  Seaman's Creek (Monture C r e e k ) . "
The names in  pa ren theses  have been added by t h i s  a u t h o r .  T a k in g  
i n t o  c o n s i d e r a t i o n  th e  19^E m a g ne t ic  d e c l i n a t i o n  o f  t h i s  a rea  in  1800 
(Weaver, 1967» p . 698) ,  i t  is  easy t o  t r a c e  th e  e x p e d i t i o n ' s  cou rse  
a lo n g  the  o l d  I n d ia n  t r a i l  t h a t  app rox im a tes  th e  p re s e n t  r a i l r o a d  r i g h t -  
o f - w a y  th ro u g h  the  a re a .  The " h i g h  p r a i r i e ,  rendered  v e ry  unequal by 
a v a s t  number o f  l i t t l e  h i l l o c k s  and s i n k - h o l e s "  is  r e a d i l y  r e c o g n iz a b le  
as the  p r e s e n t  Cottonwood C reek-M ontu re  Creek F l a t s .
The 1853-54 R a i lw a y  Survey led  by Isaac I .  S te ve ns ,  T e r r i t o r i a l  
Governor  o f  W ash ing ton ,  e x p lo re d  th e  B l a c k f o o t  R i v e r  V a l l e y  as a p o te n ­
t i a l  r o u te  t o  th e  P a c i f i c  Ocean a lo ng  th e  4 7 th  p a r a l l e l .  A s id e  s u r ­
vey p a r t y  examined a r o u te  th ro ug h  a p o r t i o n  o f  th e  s tu d y  area as a 
p o s s i b l e  by -pass  o f  th e  d i f f i c u l t  lower B la c k f o o t  R i v e r  and H e l l  Gate 
Canyon a re a s .  T h is  p a r t y  f o l l o w e d  th e  C le a r w a te r  V a l l e y  n o r t h  to  th e  
v i c i n i t y  o f  P la c i d  Creek and from th e r e  tu rn e d  westward to  th e  Jocko 
R iv e r  V a l l e y  (S te v e n s ,  1855) .  The s e l e c t i o n  o f  a d i f f e r e n t  r o u te  v i a
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M u l le n  Pass and th e  L i t t l e  B l a c k f o o t  and C la r k  Fo rk  R iv e rs  p rec lu d e d  
c o n s i d e r a t i o n  o f  the  r o u t e  th rough  the  s tu d y  a rea .
The n e x t  f o r t y - f i v e  yea rs  saw f u r t h e r  e x p l o r a t i o n  and s e t t l e m e n t  
o f  th e  r e g io n .  W i th  th e  e s ta b l i s h m e n t  o f  the  U. S. G e o lo g ic a l  Survey 
in  1878 and i t s  m is s io n  o f  c a t a l o g u in g  and mapping the  resources  o f  the  
w e s te rn  r e g io n ,  t r a i n e d  men were s e n t  t o  map and i n t e r p r e t  th e  la n d ­
scape.  T, C. C ham ber l in  and B a i l e y  W i l l i s  worked in  th e  r e g io n  in  the  
l 8 8 0 ' s  (Pardee ,  1910, p . 3 8 4 ) .  E a r l  Doug lass ,  in  1899» re co g n ized  f o r  
the  f i r s t  t im e  v a l l e y  f l o o r  d e p o s i t s  t h a t  have become known as the  so -  
c a l l e d  " T e r t i a r y  Lake Beds" in  the  l i t e r a t u r e .  R. A. D a ly ,  in  1906, 
e s t a b l i s h e d  the  s t a t i g r a p h i c  no m enc la tu re  t h a t  is  s t i l l  used. J .  T .  
P a rdee 's  "The G l a c i a l  Lake M is s o u la "  (1910) draws upon h i s  e x te n s i v e  
f i e l d  w ork  and t h a t  o f  o t h e r  w r i t e r s  in  the  a re a .  The r e l a t i o n s h i p  o f  the  
i c e  lobes descend ing  from the  C o r d i l l e r a n  Ice  Cap and th e  damming o f  
th e  C la r k  Fo rk  R iv e r  fo r m in g  G l a c i a l  Lake M is s o u la  was f i r s t  s e t  f o r t h  
by Pardee.
In 1911» Pardee, in  h is  paper e n t i t l e d  "Coa l  in  T e r t i a r y  Lake Beds, 
S ou thw es te rn  Montana" ,  d id  n o t  i n d i c a t e  the  C le a r w a te r  V a l l e y  as con­
t a i n i n g  " T e r t i a r y  Lake B eds . "  However, in  h i s  " L a t e  Cenozo ic  B lo c k  
F a u l t i n g  in  Western Montana" (1 9 5 0 ) ,  Pardee l i s t s  th e  C le a rw a te r  V a l l e y  
as a s o - c a l l e d  " T e r t i a r y  Lake B ed . "  W, C. A ld e n ,  in  h i s  1953 " P h y s i o ­
graphy  and G l a c i a l  Geology o f  Western Montana, and A d ja c e n t  A r e a s , "  sums 
up h i s  many yea rs  o f  f i e l d  s tu d y  in  the area and the  s tu d ie s  o f  many 
o t h e r s .  T h is  paper was w r i t t e n  in  a c h r o n o lo g i c a l  sequence f o r  a 
l a r g e  re g io n  and thus  makes d i f f i c u l t  the  e x t r a c t i n g  o f  d e t a i l e d  i n f o r ­
m a t io n  f o r  a r e l a t i v e l y  sm a l l  a re a .
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E. P re s e n t  S tudy o f  th e  Area
A t w o f o l d  approach was taken  in  s tu d y in g  the  area i n c l u d i n g  
s t u d ie s  in  the  f i e l d  and from th e  a i r .  Four f l i g h t s  were made ove r  the  
s tu d y  a rea  and o v e r  the  C le a rw a te r  and Swan V a l l e y s .  One o f  the  f l i g h t s  
in c lu d e d  an e x c e l l e n t  v ie w in g  o f  the  M is s io n  Range where the  r e s u l t s  o f  
a l p i n e  g l a c i a t i o n  were no ted .  The photographs taken on these  f l i g h t s  
a re  used as i l l u s t r a t i o n s  o r  as the  b a s is  f o r  d iagrams in c lu d e d  in  t h i s  
paper .  The second phase o f  the  s tu d y  was a re v ie w  o f  th e  l i t e r a t u r e .
I t  sho u ld  be no ted  t h a t  cop ies  o f  seven and o n e - h a l f  m in u te  quad­
r a n g le  shee ts  t o  be p u b l i s h e d  by the  Top og ra p h ic  Branch o f  the  U. S. 
G e o lo g ic  Survey c o v e r i n g  t h i s  area a re  no t  y e t  a v a i l a b l e .  For  more 
d e t a i l e d  l i s t i n g  o f  the  maps and a e r i a l  pho tographs used in  t h i s  s tu d y ,  
see Append i x I .
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CHAPTER I I  PRE -  GLACIAL HISTORY AND LANDSCAPE
A. I n t r o d u c t i o n
The s tu d y  area  l i e s  w h o l l y  w i t h i n  th e  N o r th e rn  Rocky Mounta ins  
p h y s io g r a p h ic  p r o v in c e  (Fenneman 1931, p . 184) .  S t a r t i n g  from th e  c e n te r  
p o i n t  a t  th e  C1e a r w a t e r - B la c k f o o t  R i v e r  J u n c t i o n ,  t o  the  sou th  and 
sou thw es t  r i s e s  the  Garnet  Range, t o  the  w es t  l i e  th e  M is s o u la  H i l l s ,  
t o  the  n o r t h  is  the  Swan Range, and t o  th e  n o r t h e a s t  a re  th e  B la c k f o o t  
H i l l s  ( F i g .  3 ) .
B. Geology
The o l d e s t  b e d ro ck  exposed in  the  s tu d y  area is  the  Precambr ian 
B e l t  S e r ie s  (C la p p ,  1938) ,  made up o f  a r g i l l i t e  and q u a r t z i t i c  sands tone .  
These rocks v a ry  w i d e l y  in  r e s i s t a n c e  t o  w e a th e r in g  and e r o s i o n ,  and 
grade f rom one typ e  t o  a n o th e r  and range in  c o l o r  from b u f f  t o  red to  
p u r p le  t o  g reen .  The r e p e t i t i o n  o f  s i m i l a r  beds makes r e c o g n i t i o n  o f  
i n d i v i d u a l  u n i t s  e x t r e m e ly  d i f f i c u l t  in  th e  f i e l d .  The agg rega te  t h i c k ­
ness o f  th e  B e l t  S e r ie s  in  th e  v i c i n i t y  i s  s e v e ra l  thousand f e e t .
The younger fo r m a t io n s  found in  th e  area a re  th e  s o - c a l l e d  " T e r t i a r y  
Lake Beds" (A ld e n ,  1953, and K o n i z e s k i ,  I 9 8 I ) .  A l a t e  Cretaceous t r a c h y t e  
p o rp h y ry  i n t r u s i o n  was mapped by B renner  (1 9 8 4 ) ,
Much o f  th e  C le a r w a te r  V a l l e y  and the  B la c k f o o t  V a l l e y  a re  th o u g h t  
t o  be u n d e r l a i n  by T e r t i a r y  d e p o s i t s  ( K o n i z e s k i ,  pe rsona l  com m un ica t ion ,
1987) .
The Q u a r te rn a ry  and Recent d e p o s i t s  a re  p r i m a r i l y  g l a c i a l  in  o r i g i n  
o r  a re  the  r e s u l t  o f  r e w o rk in g  o f  g l a c i a l  d e p o s i t s  by G l a c i a l  Lake 
M is s o u la  w a te rs  and p o s t - g l a c i a l  s t ream s .
5 C A l £
tS 20 25t i I MiLes
i o
b l a c k f o o t
b i l l sMISSOULA 
-H I L L S  ----
MISSOULA
S T U D Y
AREA
/ / j
H  O ,3 t s
F ig u r e  3 A s k e tc h  map showing the  r e l a t i o n s h i p  o f  the  s tu d y  area 
t o  nearby  m oun ta in  ranges.
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c .  P h y s io g ra p h ic  H i s t o r y
The r e g io n  was e le v a te d  above sea l e v e l  d u r in g  the  Laramîde Orogeny 
( C h i l d s ,  1963, p . 233) t h a t  s t a r t e d  in  th e  Cre taceous and extended t o  
m i d - T e r t i a r y . D u r in g  th e  long p e r io d  o f  s t a b i l i t y  t h a t  f o l l o w e d ,  the  
s u r f a c e  was g r a d u a l l y  reduced by e r o s i o n .  O l igo ce ne  and Miocene c r u s t a l  
movements o u t l i n e d  th e  p re s e n t  b a s in s  and mounta in  b l o c k s .  In these 
b a s in s  th e  s o - c a l l e d  " T e r t i a r y  Lake Bed" d e p o s i t s  accumula ted from the  
s u r ro u n d in g  areas as the y  were reduced t o  low r e l i e f .  T h is  s u r fa c e  o f  
low r e l i e f  has been d e s c r ib e d  in  e a r l y  works as the " L a t e  T e r t i a r y  
P e n e p la in "  (A ld e n ,  P a rdee ) .
The s o - c a l l e d  " T e r t i a r y  Lake Beds" a re  no t  a l l  l a c u s t r i n e  d e p o s i t s  
as th e  te rm i m p l i e s .  Exposures o f  th e  sed iments  f r e q u e n t l y  c o n t a in  
s t r e a m - s o r t e d  d e p o s i t s  o f  sands and g r a v e ls  as w e l l  as shee t  wash 
d e p o s i t s  o f  p o o r l y  s o r t e d  d e b r i s  from nearby s lo p e s .  The d e p o s i t s  a re  
th o u g h t  ( K o n i z e s k i ,  p e rson a l  com m un ica t ion ,  19&7) t o  have been l a i d  
down in  a v a r i e t y  o f  e n v i ro n m e n ts .  Coal beds o f  low q u a l i t y  and sma l l  
a r e a l  e x t e n t  a re  found in te rb e d d e d  w i t h  c la y s  and g r a v e l s  i n d i c a t i n g  
p e r i o d i c  f l o o d i n g  o f  th e  low swampy a rea s .
L a te  T e r t i a r y  m oun ta in  b u i l d i n g  u p l i f t e d  the  p re s e n t  mounta ins  above
th e  o l d e r  s u r f a c e .  The process c o n t in u e d  i n t e r m i t t e n t l y  d u r in g  th e  
P l io c e n e  and I n t o  th e  e a r l y  P le i s t o c e n e .  D u r in g  t h i s  p e r io d  o f  u p l i f t  
and c l i m a t i c  change some streams were a b le  t o  erode f a i r l y  w ide  v a l l e y s .  
Renewed u p l i f t  in  L a te  P le i s t o c e n e  t im e  has re ju v e n a te d  streams and 
s u b je c te d  these  v a l l e y s  t o  t e r r a c i n g .
0 .  S t r u c t u r a l  I n f l u e n c e  on P resen t  Topography
I t  i s  th o u g h t  t h a t  because o f  i t s  l o c a t i o n  between the  s e v e ra l
d i s t i n c t  m oun ta in  b lo c k s  -  the  Swan R a n g e -B la c k fo o t  H i l l s ,  th e  Garnet
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Range, and the  M is s o u la  H i l l s  -  the  s tu d y  a rea  owes much o f  i t s  p re s e n t
d ra in a g e  p a t t e r n  t o  s t r u c t u r a l  c o n t r o l .  Pardee (1950,  p . 390) d e s c r ib e s
the  G arne t  Range as r i s i n g
" . . . g r a d u a l l y  from an i r r e g u l a r  base l i n e .  These 
s u r fa c e s  a re  i n t e r p r e t e d  as p a r t s  o f  the  L a te  
T e r t i a r y  P e n e p la in .  T h e i r  p r o f i l e s  p r o j e c t e d  t o  
the  f a u l t  p la n e  i n d i c a t e  a downthrow on the  o r d e r  
o f  3000 f e e t  a t  the  sou thw es t  base o f  th e  B la c k ­
f o o t  Range."
The modern B la c k f o o t  R i v e r ,  wh ich  se p a ra te s  the  Garnet  Range f rom 
the  B la c k f o o t  H i l l s ,  p r o b a b ly  owes i t s  p re s e n t  cou rse  t o  a f a u l t  system 
s e p a r a t i n g  the  G arne t  Range on the  sou th  and th e  M is s o u la  H i l l s  on the
n o r t h .  Ev idences o f  t h i s  i n f e r r e d  f a u l t  system a re  d i f f e r e n c e s  in  ro ck
typ e  no ted  on o p p o s i t e  banks o f  the  B la c k f o o t  R iv e r  to  th e  west  o f  N in e ­
m i l e  P r a i r i e  and th e  o c c u r re n c e  o f  a na rrow  e a s t -w e s t  t r e n d in g  p o r p h y r i t i c  
i n t r u s  i o n .
Pardee (1950,  p . 390 and F i g .  26) d e s c r ib e s  the  t r a c e  o f  a f a u l t  
descend ing  th e  e a s t  s i d e  o f  the  Swan-C1ea rw a te r  V a l l e y s  and t r e n d in g  
a lo n g  th e  sou th  f l a n k  o f  th e  B la c k f o o t  H i l l s .  A p o r t i o n  o f  the  f a u l t  i s  
i n d i c a t e d  as " t u r n i n g  s l i g h t l y  concave toward  C le a r w a te r  V a l l e y . "  T h is  
t r a c e  is  r e f l e c t e d  in  the  s t e e p l y  s l o p i n g ,  t e r r a c e - l i k e  fa c e  o f  bed rock  
t h a t  runs g e n e r a l l y  p a r a l l e l  t o  Montana Secondary Highway 209 from the  
n o r t h  end o f  Elbow Lake t o  the  " T e r t i a r y  Lake Bed" o u t c ro p  ea s t  o f  B la n -  
chard  Lake ( F i g .  4 and 16 ) ,  The p o s i t i o n  o f  t h i s  s l i g h t l y  t i l t e d  and 
i s o l a t e d  b l o c k  o f  T e r t i a r y  ro c k  sugges ts  t h a t  i t s  p re s e n t  p o s i t i o n  is  
f a u l t  c o n t r o l l e d .
About one m i l e  e a s t  o f  the  E -Bar -L  Ranch, th e  s te e p  n o r t h - s o u t h  
t r e n d i n g  west  fa c e  o f  B a ldy  M ounta in  (mapped as M is s o u la  Group on the  
G e o lo g ic  Map o f  Montana, 1955) sugges ts  a f a u l t  s c a r p ,  w h ich  is  in
F ig u r e  4 G eo log ic  Sketch Map 
o f  the  S tudy A rea .
Source o f  G e o lo g ic a l  Data ;
a) U.S. G e o lo g ic a l  Survey 
G e o lo g ic  Map o f  Montana
b) R .L .  B renne r ,  1964
c) F i e l d  Work by A u th o r
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l i n e  w i t h  the  one p r e v i o u s l y  m e n t io n ed .  Gaboon's H i l l  c o u ld  be a d rag  
b l o c k  r e s u l t i n g  f rom an a d ju s tm e n t  o f  the  Ba ldy  M ounta in  f a u l t  t o  a 
s i m i l a r  i n f e r r e d  f a u l t  on the  s u b - p a r a l l e l  west  fa c e  o f  B l a c k t a i l  
Moun ta in  above th e  l e f t  bank o f  th e  B l a c k f o o t  R i v e r  as i t  t u r n s  sou th  
J u s t  i n s i d e  the  coun ty  l i n e .
J .  T .  Pardee ( I 9 IO, p p . 383-384) d iscu sses  th e  s i m i l a r i t y  o f  the  
P le i s t o c e n e  landscape t o  t h a t  o f  the  p r e s e n t :
" T h i s  wou ld  a l s o  be th e  case in  P le i s t o c e n e  
t im e  i f  th e  ph ys io g ra p h y  o f  t h i s  re g io n  was then 
the  same as now. T h is  i s  f o r  th e  purposes o f  
argument assumed t o  be e s s e n t i a l l y  t r u e ,  such 
c r u s t a l  w a rp in g  and m o d i f i c a t i o n  o f  the  s u r f a c e  
by e r o s io n  as have o c c u r re d  d u r i n g  o r  s in c e  t h a t  
t im e  b e in g ,  as i n d i c a t e d  by th e  ev idence  a t  hand, 
i n s u f f i c i e n t  t o  have s e r i o u s l y  a l t e r e d  th e  to p o ­
graphy o f  t h i s  r e g i o n . "
E, The P r e - G la c i a l  Landscape o f  th e  S tudy Area
The p r e - g l a c i a l  landscape o f  th e  s tu d y  area presumably  was no t  to o
d i f f e r e n t  f rom  the  p re s e n t  landscape .  The p r e - g l a c i a l  C le a r w a te r  R i v e r  
d r a in e d  e s s e n t i a l l y  th e  same a rea  as th e  p r e s e n t  r i v e r .  The t r i b u t a r y  
s t reams m ig h t  have e n te re d  th e  main r i v e r s  normal t o  th e  main streams 
in  c o n f o r m i t y  w i t h  s lop e s  r e s u l t i n g  from th e  l a s t  phases o f  th e  moun­
t a i n  b u i l d i n g  t h a t  ended in  the  e a r l y  P le i s t o c e n e .
The p r e - g l a c i a l  B l a c k f o o t  R i v e r  d r a in e d  the  b a s in  between the
Garne t  Range t o  the  sou th  and the  B la c k f o o t  H i l l s  t o  the  n o r t h .  The p r e ­
g l a c i a l  B l a c k f o o t  R i v e r  p r o b a b ly  to o k  a more n o r t h e r l y  cou rse  th roug h  
th e  e a s te r n  p o r t i o n  o f  the  s tu d y  area a long  th e  s o u th e rn  end o f  
B la n ch a rd  F l a t s .  T h is  assum pt ion  is  based on th e  d i f f i c u l t  cou rse  
t h a t  th e  r i v e r  now f o l l o w s  th rou g h  th e  canyon;  t h e  bed o f  the  r i v e r  today 
is  o n l y  about  f i f t e e n  f e e t  be low th e  p r e s e n t  B lan ch a rd  F l a t s .  The
14
sou th  end o f  B la nch a rd  F l a t s  is  u n d e r l a i n  by r i v e r  g ra v e l  a t  a depth  
o f  t h i r t y  f e e t  as i n d i c a t e d  by the  depth  o f  a w e l l  d r i l l e d  a t  J o n e s y 's  
Ca fe .  The p r e - g l a c i a l  B la c k f o o t  R i v e r  p r o b a b ly  to o k  a cou rse  th rough  a 
lower v a l l e y  beneath  the  p re s e n t  N in e m i le  P r a i r i e .  Evidences to  
s u p p o r t  t h i s  deeper p r e - g l a c i a l  cou rse  a re  the  s e v e ra l  w e l l s  d r i l l e d  in  
th e  v i c i n i t y  o f  th e  Round Up Bar t h a t  a re  p ro d u c in g  from " r i v e r  g r a v e l "  
a t  depths g r e a t e r  than  100 f e e t .  F i n a l l y ,  th e  many lakes  a s s o c ia te d  
w i t h  l a t e r  g l a c i a t i o n  wou ld  have been a b sen t .  In t h e i r  p la c e  the  p r e ­
g l a c i a l  r i v e r s  wou ld  have f lo w e d  th rough  broad v a l l e y s  formed a f t e r  the  
p re v io u s  p e r i o d  o f  u p l i f t .
Thus th e  p r e - g l a c i a l  landscape was p ro b a b ly  as d e p ic te d  in  the  
s k e tc h  map o f  F ig u r e  5.  The names used are  those  o f  the  p re s e n t  day 
s t re a m s .  The ro a ds ,  to w n sh ip  and cou n ty  l i n e s  o f  th e  p r e s e n t  a re  shown 
f o r  r e f e r e n c e .  L o c a t io n s  o f  up lands a re  based on p re s e n t  exposures o f  
P recam br ian  rocks  and th e  1955 USGS G e o lo g ic  Map o f  Montana.
F I GU RE  5 A SKETCH MAP OF A 
P R OB AB L E  P R E - G L A C I A L  L A N D ­
SCAP E OF T H E  STUDY AREA
P r e - G l a c i a l  R i v e r s
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CHAPTER 111 SOURCE AREA FOR THE CLEARWATER GLACIER 
A. I n t r o d u c t i o n  o f  the  Problem
F i e l d  re conna issances  lo c a te d  ev idences  o f  th e  p re v io u s  e x i s te n c e  
o f  a l a r g e  g l a c i e r  in  th e  s tu d y  a re a .  A m ora ine  s e v e ra l  hundred yards  
w ide  is  l o c a te d  on Cahoon's  H i l l  n o r t h e a s t  o f  the  C le a r w a t e r - B la c k f o o t  
R i v e r  J u n c t i o n ,  and is  s i x  hundred f e e t  above the  p re s e n t  C le a rw a te r  
V a l l e y  f l o o r .  S t r i a t e d  e r r a t i c  b o u ld e rs  were found in  t h i s  m o ra in e .
Two w i d e l y  s e p a ra te d  exposures o f  g l a c i a l l y  scou red  b e d ro c k ,  one on th e  
s t r e a m l in e d  h i l l  a m i l e  e a s t - s o u t h e a s t  o f  J o n e s y 's  Cafe and th e  o t h e r  on 
the  r i d g e  o n e - q u a r t e r  m i l e  n o r t h  o f  th e  two r i g h t  a ng le  bends o f  
B lancha rd  C reek ,  i n d i c a t e d  i c e  f l o w  from the  n o r t h  down th e  C le a r w a te r  
V a l l e y  (See P la t e  l ) .  The name "The C le a rw a te r  G l a c i e r "  was g ive n  by 
W. C. A lden  (1953) t o  t h i s  i n f e r r e d  g l a c i e r  w i t h o u t  m e n t ion  o f  i t s  s o u rc e .  
I t  then  became necessary  t o  d e te rm in e  the  sou rce  and ch ro n o lo g y  o f  t h i s  
g l a c i e r  t o  b e t t e r  u n de rs tan d  i t s  e f f e c t s  on the  morpho logy  o f  the  s tu d y  
a re a .
8 .  The C le a r w a te r  V a l l e y
The p r e s e n t  C le a r w a te r  V a l l e y  is  about  t h i r t y - t h r e e  m i l e s  long and 
averages tw e lv e  m i le s  w id e .  The e l e v a t i o n  o f  the  d i v i d e  s e p a r a t i n g  the  
C le a r w a te r  and Swan V a l l e y s  is  a p p ro x im a te ly  4250 f e e t .  The e l e v a t i o n  
o f  th e  C l e a r w a t e r - B l a c k f o o t  R i v e r  J u n c t i o n  is  3742 f e e t .  The e a s t  s i d e  
o f  the  C le a rw a te r  V a l l e y  r i s e s  s t e e p l y  t o  the  c r e s t s  o f  the  Swan Range 
a t  e l e v a t i o n s  from 7000 f e e t  t o  8590 f e e t  a t  M a rs h a l l  M o un ta in ,  S eve ra l  
o f  th e  v a l l e y s  on the  west  f l a n k  o f  the  Swan Range e x h i b i t  "U "  shaped 
p r o f i l e s  descend ing  from i n a c t i v e  c i r q u e  b a s in s .  The be s t  example is  
M o r r e l l  Creek t h a t  descends f rom  G r i z z l y  B as in  and e n te r s  the  C le a r w a te r  
R i v e r  be low  See ley  Lake ( F i g s .  6 and 7 ) *  P ta rm igan  M ounta in  s u p p o r te d
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F ig u r e  6 T h is  o b l i q u e  a e r i a l  photo  shows the  upper p o r t i o n  o f  
M o r r e l l  Creek,  a t r i b u t a r y  t o  the  C le a rw a te r  R i v e r .  Note the  "U "  
shaped v a l l e y  descend ing f rom the  c i r q u e s  o f  G r i z z l y  Bas in  in  the  
Swan Range. (Source o f  pho to  U.S. F o re s t  S e r v i c e  r o l l  F-33 # -4 3
d td  9 - 9 - 66)
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F ig u r e  7 T h is  o b l i q u e  photo  o f  G r i z z l y  Bas in  in  the  Swan Range 
shows th e  c i r q u e  b a s in  f rom wh ich  the  M o r r e l l  Creek G la c i e r  f low e d  
(Source o f  pho to  U.S. F o re s t  S e r v i c e  -  r o l l  F-33 #045 d td  9-9-&&)
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a l p i n e  g l a c i e r s  t h a t  coa lesced  in the  v i c i n i t y  o f  C le a r w a te r  Lake ,  the  
sou rce  o f  the  r i v e r .  The west  s i d e  o f  the  C le a r w a te r  V a l l e y  r i s e s  more 
g e n t l y  t o  an e l e v a t i o n  o f  around 7600 f e e t  in the  f o o t h i l l s  e a s t  and 
so u th  o f  the  M is s io n  Range. These h i l l s  form th e  d i v i d e  between the  
Jocko  R i v e r  t o  the  west  and th e  C le a r w a te r  R i v e r  t o  the  e a s t .  Here the  
ev id ence  o f  p re v io u s  a l p i n e  g l a c i a t i o n  is  less  pronounced.  T h is  p o r t i o n  
o f  th e  C le a r w a te r  V a l l e y  p r o b a b ly  possesses s u f f i c i e n t  e l e v a t i o n  t o  have 
s u s ta in e d  permanent snows d u r in g  th e  P le i s to c e n e  ( F l i n t ,  1957* p . 47) 
b u t  was in  the  " r a i n  shadow" o f  the  h ig h e r  M is s io n  Range t o  the  w e s t .
A s e r i e s  o f  lakes  in  t h e  upper h a l f  o f  the  C le a r w a te r  V a l l e y  s t a r t i n g  
a t  Summit Lake in  th e  n o r t h  and c o n t i n u i n g  t o  See ley  Lake in  th e  sou th  
have m o ra in a l  dams across  t h e i r  so u th e rn  ends and a re  f l a n k e d  by numerous 
l a t e r a l  m o ra in e s .
The v a r io u s  a l p i n e  g l a c i e r s  t r i b u t a r y  to  the  C le a r w a te r  V a l l e y  i t ­
s e l f  se e m ing ly  d id  n o t  possess th e  m agn i tude  r e q u i r e d  t o  b u i l d  th e  
f e a t u r e s  p r e s e n t l y  found w i t h i n  the  v a l l e y .  The p o s i t i o n  o f  th e  s e r ie s  
o f  moraine-dammed lakes  in  th e  v a l l e y  c e n te r  sugges ts  t h a t  the p r i n c i p a l  
s o u rce  o f  th e  C le a r w a te r  G l a c i e r  was f a r t h e r  n o r t h  in  th e  Swan V a l l e y .
C. The Swan V a l l e y
The Swan V a l l e y  is  a p p r o x im a te ly  f i f t y - f i v e  m i l e s  long and averages 
f i f t e e n  m i l e s  w ide  in  th e  s o u th ,  n a r ro w in g  t o  f i v e  m i le s  in  the  n o r t h .
The e l e v a t i o n  o f  th e  d i v i d e  w i t h  the  C le a r w a te r  V a l l e y  t o  th e  sou th  is  
4250 f e e t .  The e l e v a t i o n  o f  th e  v a l l e y  f l o o r  where i t  j o i n s  the  F la th e a d  
V a l l e y  averages 3050 f e e t .  The e a s t  s i d e  o f  the  Swan V a l l e y  r i s e s  s t e e p l y  
t o  th e  c r e s t  o f  th e  Swan Range a t  e l e v a t i o n s  ra n g in g  from seven t o  n in e  
thousand f e e t .  W i t h i n  t h i s  e a s te rn  f l a n k  t h e r e  a re  numerous "U "  shaped
20
v a l l e y s  descend ing  from c i r q u e s  t h a t  I n d i c a t e  p re v io u s  a l p i n e  g l a c i a ­
t i o n .  The w es t  f l a n k  o f  th e  Swan V a l l e y  f o l l o w s  the  c r e s t  o f  the  M is s io n  
Range as i t  s lo p e s  from about  ten  thousand f e e t  in  the  sou th  t o  th e  l e v e l  
o f  th e  v a l l e y  f l o o r  f o u r  m i l e s  n o r t h  o f  B ig  Fo rk  Montana. There  a re  
numerous c i r q u e s  in  th e  h ig h e r  sou th  p o r t i o n  o f  th e  M is s io n  Range f rom 
w h ich  g l a c i e r s  f lo w e d  down "U "  shaped v a l l e y s .  F ig u r e  8 i l l u s t r a t e s  one 
such v a l l e y  west  o f  L ln d b e rg  Lake.
The r e l a t i v e l y  f l a t  sou thern  t w o - t h i r d s  o f  the  Swan V a l l e y  f l o o r  is  
veneered w i t h  m o ra in e .  T h is  m ora ine  has a f l u t e d  p a t t e r n  t h a t  suggests  
s e v e ra l  types  o f  i c e  movement. Near th e  sou thw es t  end o f  the  v a l l e y  a 
v e r y  d i s t i n c t  f l u t e d  p a t t e r n  in  th e  mora ine  sugges ts  ic e  movement t o  the  
e a s t  and sou th  f rom th e  p re s e n t  e a s t  s i d e  o f  L ln d b e rg  Lake o v e r  th e  low 
d i v i d e  toward Summit Lake and Ra iny  Lake.  On th e  e a s t  s i d e  o f  th e  Swan- 
C le a r w a te r  d i v i d e  the  p a t t e r n  sugges ts  n o r t h - s o u t h  movement ( F ig u r e  9 ) *  
F a r t h e r  n o r t h ,  th e  p a t t e r n  o f  th e  ground m ora ine  sugges ts  th e  loops o f  
t e r m in a l  mora ines  around the  mouths o f  s e v e ra l  "U "  shaped v a l l e y s  
descend ing  f rom  the  M is s io n  Range.
The most s i g n i f i c a n t  f l u t e d  m ora ine  p a t t e r n s  a re  found west o f  Swan 
Lake on th e  N o r th e rn  M is s io n  Range. Here the  p a t t e r n  is  a s e r i e s  o f  
p a r a l l e l  a rcs  t h a t  loop  f rom  th e  wes t  s i d e  o f  Swan Lake in  a s e m i - c i r c l e  
up and around the descend ing  c r e s t  o f  the  M is s io n  Range to  meet w i t h  a 
s e r i e s  o f  m o ra in a l  r id g e s  p a r a l l e l  t o  the  F la th e a d  Lake s h o re .  T h is  
p a t t e r n  i s  repea ted  in  a broad band f o r  s e v e ra l  m i l e s .  The h ig h  p o i n t  
o f  these  f l u t e d  m ora ine  p a t t e r n s  is  a p p r o x im a te ly  5100 f e e t  in  e l e v a t i o n  
( F ig u re s  10, 11, 12 ) .
N o r th  o f  B ig  F o rk  t h e re  a re  s e v e ra l  square  m i l e s  o f  i r r e g u l a r  m or-
2 1
F ig u re  8 .  T h is  o b l i q u e  pho to  lo o k in g  due west  a t  the sop th  p o r t i o n  
o f  th e  M is s io n  Range shows C r y s ta l  Lake in  the fo re g ro u n d  and the  
numerous c i r q u e s  t h a t  fed  g l a c i e r s  down th rough  L in d b e rg  Lake i n t o  
the  Swan V a l l e y .  (Source o f  pho to  U.S. F o re s t  S e rv ic e  -  r o l l  F-33
#032 d t d .  9 - 9 - 66)
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9 A s k e tc h  map o f  th e  Swan—C1 e a r\v a te r d iv id e  a re a  d e p ic t in g  
suggested  ic e  movement from  f lu t e d  ground m oraine p a t te r n *
(S o u rce  o f  d a ta ;  USFS a i r  photos and p e rs o n a l reco n n a is a n c e )
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Jî'i^-ure 1 0 . A. sketch, m p  
o f th e  K o rth  end o f  th e  
Swe-n V a l le y  d e p ic t in g  
s o r e s t  ed ic e  movement 
from  f lu t e d  m oraine  
p a t t e r n .  Source o f  d a ta  
USFS a i r  photos and C B 
B e a ty  and R L K o n iz e s k i,
Suggested ic e  
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Boundary o f  th e  ; 
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X
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F ig u r e  11 An o b l i q u e  a e r i a l  photo  taken lo o k in g  sou thwest  ove r  
th e  n o r th e r n  M is s io n  Range toward F la th e a d  Lake. A p a r t  o f  Swan 
Lake is  shown in  the  fo re g r o u n d .  The f l u t e d  p a t t e r n  can be seen 
in  th e  c e n te rg ro u n d  lo o p in g  up and around the  r i d g e  o f  the M is s io n  
Range f rom l e f t  t o  r i g h t  on the  ph o to .  Source o f  photo U. S. 
F o re s t  S e r v i c e  r o l l  F-A #187 d td  7 - 1 -6 5 .
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F ig u r e  12 An o b l i q u e  a e r i a l  pho to  taken from above F la th ea d  
Lake l o o k in g  e a s t  ac ross  Wood's Bay a t  the  M is s io n  Range. The 
Swan Range Is  across the  background.  Note the f l u t e d  p a t t e r n  
as I t  swings around from l e f t  t o  r i g h t  In the  pho to .  (Source o f  
ph o to  U.S. F o re s t  S e rv ic e  r o l l  F-4  #24? d td  7 - 1 - 6 5 . )
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a in e  w i t h o u t  a d e f i n i t e  s u g g e s t io n  o f  d i r e c t i o n  o f  ice  movement ( F i g ­
u r e  1 0 ) .  I t  i s  th o u g h t  by C.B . Beaty (1967,  pe rsona l  communica t ion)  
t h a t  t h i s  area  re p re s e n ts  a s ta g n a n t  zone where g l a c i e r  i c e  f l o w i n g  
n o r t h  in  th e  Swan V a l l e y  was h a l t e d  by the  K o o te n a i - F la t h e a d  Lobe o f  
the  C o r d i l l e r a n  i c e  Cap as the  wes t  p a r t  o f  the  Swan G l a c i e r  was f o r c e d  
t o  f l o w  o v e r  the  n o r t h  end o f  th e  M is s io n  Range ( F ig u r e  10) .
D. The F la th e a d  V a l l e y
The F la th e a d  V a l l e y ,  about  e i g h t y  m i le s  in  le n g th  from n o r th  to  
s ou th  and a v e ra g in g  seven teen  m i l e s  in  w i d t h ,  i s  a p a r t  o f  th e  Rocky 
M ounta in  Trench ( D a ly ,  1906) .  The n o r th e r n  o n e - t h i r d  o f  th e  v a l l e y  is  
b o rde red  on th e  e a s t  by the  Swan Range. The M is s io n  Range r i s e s  from 
the  3050 f o o t  l e v e l  o f  th e  v a l l e y  f l o o r  f o u r  m i le s  n o r th  o f  B ig  F o rk ,  
t o  an e l e v a t i o n  o f  ten  thousand f e e t  e a s t  o f  S t .  I g n a t i u s ,  f i f t y  m i le s  
t o  th e  s o u th .
Of i n t e r e s t  t o  t h i s  d i s c u s s io n  a re  two t r a n s v e r s e  mora ines in  the  
F la th e a d  V a l l e y  d e s p o i te d  by the  w e l l -d ocum e n te d  advances o f  the  Kootena i  
F la th e a d  Lobe o f  th e  C o r d i l l e r a n  ic e  S hee t ,  namely th e  M is s io n  m ora ine  
and the  Po ison m o ra ine  ( D a v is ,  1916, A ld e n ,  1953; Richmond e t  a l . 1965) 
( F i g u r e  l ) .
The M is s io n  m ora ine  c r e s t ,  ru n n in g  e a s t -w e s t  ten  m i le s  n o r t h  o f  
S t .  I g n a t i u s ,  has a p r e s e n t  e l e v a t i o n  o f  a p p ro x im a te ly  3150 f e e t .  T h is  
m ora ine  i s  th o u g h t  t o  be l l l i n o i a n  o r  Iowan in  age by A lden (1 9 5 3 ) ,  and 
was proposed as the  l a t e  s tad e  o f  B u l l  Lake g l a c i a t i o n  by Richmond, ^
aL (1965, p .234).
The c r e s t  o f  th e  Po ison m o ra in e ,  a t  an e l e v a t i o n  o f  3^50 f e e t ,  is 
t h o u g h t  by A lden  (1953) t o  be W isco n s in  in  age. Nobles (1952) d e s c r ib e d
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th e  Po ison  m o ra ine  as a compound m ora ine  formed d u r in g  the  E a r l y  and 
M id d le  P in e d a le  advances.
E. The Events  R eq u i red  t o  Produce th e  C le a r w a te r  G l a c i e r
A s u i t a b l e  h y p o th e s is  f o r  the  movement o f  the  C le a r w a te r  G l a c i e r  
f rom a so u rc e  a rea in  the  Swan V a l l e y  r e q u i r e s  s e v e ra l  assumpt ions and 
an a p p r e c i a t i o n  o f  th e  mechanics o f  g l a c i a l  movement.
The assum pt ion  i s  accep ted  t h a t  the  genera l  c l i m a t i c  c o n d i t i o n s  
e n a b l i n g  th e  C o r d i l l e r a n  Ic e  Cap t o  expand and send lobes o f  i c e  down 
th e  s e v e ra l  i n t e r m o u n ta in  t re n ch e s  c r o s s in g  the  p re s e n t  i n t e r n a t i o n a l  
boundary were w idesp read  enough t o  s u s t a i n  c o n c u r r e n t  a l p i n e  g l a c i a t i o n  
in  the  M is s io n  and Swan Ranges ( F l i n t ,  1957» C hapte r  18) .
The assumpt ion  c o n t in u e s  t h a t  d u r i n g  p e r io d s  o f  maximum g l a c i a t i o n  
th e  a l p i n e  g l a c i e r s  o f  the  Swan and M is s io n  Ranges coa lesced  i n t o  a p ie d -  
m o n t - l i k e  v a l l e y  g l a c i e r  t h a t  cove red  the  Swan V a l l e y  f l o o r .  The n a t u r a l  
o u t l e t  f o r  t h i s  g l a c i e r  wou ld  have been around the  n o r th  end o f  the  M is s io n  
Range and i n t o  th e  F la th e a d  V a l l e y .
The K o o t e n a i - F la t h e a d  Lobe o f  the  C o r d i l l e r a n  Ice  Cap, moving sou th  
f rom Canada, wou ld  have advanced down th e  F la th e a d  V a l l e y .  As th e  le v e l  
o f  i c e  in c re a s e d ,  a s u b - lo b e  c o u ld  have e n te re d  the  n o r th  end o f  the  Swan 
V a l l e y  f o r  s e v e ra l  m i l e s ,  as was suggested  by Davis (1916) and A lden  
(1 9 5 3 ) .
I t  is  d i f f i c u l t  t o  d e te rm in e  wh ich  g l a c i e r ,  the  Swan o r  the  K o o te n a i -  
F la t h e a d ,  a r r i v e d  f i r s t  a t  the  mouth o f  the  Swan V a l l e y .  However, sub­
sequen t  even ts  a re  sugges ted  by th e  f l u t e d  p a t t e r n  ove r  th e  low nose o f  
th e  M is s io n  Range so u th  o f  B ig  F o rk .  The l a r g e r  K o o te n a i -F la th e a d  
g l a c i e r  e s t a b l i s h e d  the  l e v e l  o f  ice  f l o w  much as a m as te r  s t ream e s ta b -
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I t s h e s  the  w a te r  l e v e l  f o r  I t s  t r i b u t a r i e s .  Tha t  th e  Swan V a l l e y  G la c i e r  
was a b le  t o  keep pace w i t h  th e  r i s i n g  l e v e l  o f  ice  o f  the  K o o t e n a i - F l a t ­
head G l a c i e r  is  sugges ted  by th e  i n c r e a s in g  e l e v a t i o n  o f  the  f l u t e d  
p a t t e r n  on the  M is s io n  Range, some o f  wh ich  a re  c u t  In be d ro ck .  I t  is  
assumed t h a t  the  sequence to o k  p la c e  w i t h  the  r i s i n g  ice  phase as w e l l  
as w i t h  l o w e r in g  ic e  l e v e l s  (B e a ty ,  1967, pe rsona l  communica t ion)
F ig u r e  10.
As l e v e l s  o f  the  Swan G l a c i e r  rose t o  match th e  K o o te n a i -F Ia th e a d  
Lobe, the  p ie d m o n t - t y p e  g l a c i e r  f i l l e d  the  v a l l e y  a c c o r d i n g l y ,  u n t i l ,  a t  
th e  s o u th ,  th e  low d i v i d e  t o  the  C le a r w a te r  V a l l e y  was reached.  Then, a 
p o r t i o n  o f  th e  Swan V a l l e y  G l a c i e r  began t o  f l o w  sou thw ard .  W h i le  th e  
n o r t h  end f l o w  was r e l a t i v e l y  r e s t r i c t e d ,  the  sou th  end f l o w  was across 
a f a i r l y  w id e  d i v i d e .  Thus the  C le a r w a te r  G l a c i e r  as named by A lden 
(1953) had a s o u rce  f o r  much o f  i t s  volume in  the Swan V a l l e y  ( F ig u r e  9 ) *
The advances o f  th e  C le a r w a te r  G l a c i e r  can t h e r e f o r e ,  be c o r r e l a t e d  
w i t h  th e  advances o f  th e  K o o t e n a i - F la t h e a d  Lobe and th e  b u i l d i n g  o f  the  
M is s io n  and Po ison m o ra in e s .
F . S ta tem en t  o f  G l a c i a t i o n
D u r in g  th e  P le i s t o c e n e  Epoch, the  p re s e n t  C le a rw a te r  R i v e r  V a l l e y  
was a t  l e a s t  t w i c e ,  and perhaps t h r e e  o r  more t im e s ,  invaded by a broad 
v a l l e y  g l a c i e r  o v e r f l o w i n g  sou thward  from the  Swan V a l l e y .  Two advances 
o f  t h i s  g l a c i e r ,  r e - e n f o r c e d  by sm a l l  t r i b u t a r y  g l a c i e r s  from w i t h i n  
th e  C le a r w a te r  V a l l e y  d r a in a g e ,  have had a c o n s id e r a b le  e f f e c t  on the  
p h y s io g ra p h y  o f  th e  a rea as f a r  sou th  as th e  B la c k f o o t  R i v e r .
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P le i s t o c e n e  g l a c i a l  a c t i v i t y  in  th e  s u r ro u n d in g  r e g io n  is  d iscussed  
by A ld e n  (1953 ,  p . 106-7) who g iv e s  a re conn a issance  su rvey  o f  g l a c i a t i o n  
in  th e  B la c k f o o t  V a l l e y  from th e  c o n t i n e n t a l  d i v i d e  downstream t o  the  
mouth o f  Gold C reek .  T h is  v a l l e y ,  w h ich  is  lo c a te d  f i f t e e n  m i le s  west 
o f  the  s tu d y  a r e a ,  was oc c u p ie d  by a sm a l l  v a l l e y  g l a c i e r  e i g h t  t o  
te n  m i le s  lo n g .  He a l s o  d e s c r ib e d  the  ge nera l  g l a c i a l  f e a t u r e s  found 
in  the  Upper C le a r w a te r  V a l l e y .
G. C o r r e l a t i o n  o f  G l a c i a t i o n  in  th e  Study Area w i t h  the  S u r ro un d in g  Area
Three  r e l a t i v e  ages o f  g l a c i a l  advances a re  re co gn ize d  in  the  s tu d y  
a r e a ,  an e a r l y  advance,  a m id d le  advance and a younger advance. These 
r e l a t i v e  ages a re  a p p ro x im a t io n s  d e r i v e d  from the  compar ison and e v a l ­
u a t i o n  o f  such c h a r a c t e r i s t i c s  as ;  (a )  th e  s t a t e  o f  p r e s e r v a t i o n  o f  knob 
and k e t t l e  s u r f a c e s ;  (b) th e  r e l a t i v e  degree o f  w e a th e r in g  o f  s i m i l a r  
s u r f a c e  e r r a t i c s ;  and (c )  the  development o f  s o i l s  and d e p o s i t i o n  o f  
ca rbon a te s  on e r r a t i c s  be low th e  s u r f a c e .  P e r t i n e n t  carbon 14 measure­
ments a re  n o t  a v a i l a b l e  f o r  th e  s tu d y  a re a .  The t h r e e  advances re cogn ized  
seem t o  f i t  i n t o  the  r e g io n a l  g l a c i a l  sequence proposed by Richmond, 
e t  a l  1965, (see T a b le  l ) . However, i t  sho u ld  be p o in te d  o u t  t h a t  the  
g l a c i a l  sequence ass ig ned  by Richmond, e t  a l . has no t  been c o n f i rm e d  by 
C - l 4  d a t i n g  in  th e  M is s io n  and Po ison Mora ines ( K o n i z e s k i ,  pe rsona l  
com m un ica t ion ,  19&7). The use o f  q u o t a t i o n  marks w i l l  denote the  use o f  
th e  t e n t a t i v e  t im es  w i t h i n  the  s tu d y  a re a .  The e a r l y  advance reco gn ize d  
i s  t e n t a t i v e l y  ass ig ne d  t o  *^Bull  Lake"  age, th e  m id d le  advance t o  " E a r l y  
P in e d a le "  age, and th e  younger advance t o  " M id d le  P in e d a le "  age.
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4400 f t . *
No evidence of g lac iat ion 
in area
Control of a l luv ia l  terraces 
thru Elbow Lake Moraine by 
level of Glacial Lake Missoulc
Outwash plain of Blanchard 
Flats
Elbow Lake Moraine formed
A l luv ia l  fan on Ninemîle 
b u i l t  in absence of lake 
over Ninemile Pralr ie
Woodchuck Canyon f i l l e d  w/ice
Advance to Blackfoot
Old si I ts laid down 
Ninemile Pra ir ie  t i l l  laid 
down in lake
Blackfoot River diverted - 
cuts steep walis 
Advance to Cap Wallace 
Gul ch
Woodchuck Canyon Cut
no evidence of a r ise 
to this level found in 
Study Area
Chapter  i v  g l a c i a l  lake  m is s o u l a
A. I n t r o d u c t i o n
The fo rm e r  e x i s t e n c e  o f  G l a c i a l  Lake M is s o u la  w a te rs  o v e r  t h r e e -  
q u a r t e r s  o f  th e  s tu d y  area r e q u i r e s  c o n s id e r a t i o n  o f  th e  e f f e c t s  o f  
f l u c t u a t i n g  lake  l e v e l s  on the  morpho logy  o f  the  a re a .
The e x i s t e n c e  o f  t h i s  g r e a t  g l a c i a l  lake  in  the  d ra in a g e  o f  the  
C l a r k  F o rk  R i v e r  o f  Western  Montana was e s t a b l i s h e d  by Pardee in  h i s  
1910 paper  e n t i t l e d  "The G l a c i a l  Lake M is s o u la . "  The impounding o f  
G l a c i a l  Lake M is s o u la  by th e  Lake Pend O r e i l l e  Lobe o f  th e  C o r d i l l e r a n  
Ice  Cap to o k  p la c e  as th e  r e s u l t  o f  an ic e  dam j u s t  e a s t  o f  th e  p re s e n t  
M on tan a - Idah o  S t a t e  l i n e  ( F i g .  1 ) .  Richmond, e t  a l  (1965,  p . 242) 
p ropose f i v e  s e p a ra te  f i l l i n g s  o f  G la c i a l  Lake M is s o u la ,  t h r e e  c a t a s ­
t r o p h i c  e m p ty in g s ,  and two gradua l  w i t h d r a w a ls  o f  the  la k e .
Four  e f f e c t s  o f  th e  f l u c t u a t i n g  l e v e l s  o f  G la c i a l  Lake M is s o u la  a re  
re c o g n iz e d  in  th e  s tu d y  a re a .  They a re  e r o s i o n ,  d e p o s i t i o n ,  i c e  
r a f t i n g  o f  e r r a t i c  b o u ld e r s ,  and c o n t r o l  o f  the  l o c a l  base l e v e l  t o  
w h ich  s t reams were capab le  o f  e r o d in g .
B. E ro s io n  Fea tu res  -  S ho re -1 in e s
S h o re -1 in e s  o f  G l a c i a l  Lake M is s o u la  a re  found in  s e v e ra l  l o c a t i o n s  
in  th e  s tu d y  a rea  be low th e  4200 f o o t  c o n to u r  l i n e .  The b e s t  p rese rved  
o f  these  s h o r e - 1 in e s  is  an e v e n ly  spaced s e r ie s  e x te n d in g  i n  e l e v a t i o n  
f rom  about  3900 f e e t  t o  4 l4 0  f e e t  found on the  grass covered sou thw es t  
f a c e  o f  the  r o l l i n g  h i l l s  a t  th e  e a s t  end o f  N in e m i le  P r a i r i e  ( F i g .  13 ) .  
T h is  s e r i e s  o f  about  tw e lv e  d i f f e r e n t  l e v e l s ,  l i k e  so many o f  these s h o re ­
l i n e s ,  is  e a s i l y  seen a t  a d i s t a n c e  w i t h  th e  l i g h t  s h i n in g  a t  a low a n g le .  
However, i t  i s  d i f f i c u l t  t o  l o c a t e  th e  v a r io u s  l e v e ls  on the  g round .  No 
d e f i n i t e  w a v e -c u t  benches have been found in  the  s tu d y  a re a ,  o n l y
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F ig u r e  13 T h is  o b l i q u e  a e r i a l  pho to  shows mora ine 
on th e  ea s t  end o f  N in e m i le  P r a i r i e  in  the  m id d le  
f o r e g r o u n d .  Note  th e  s h o re - 1 in e s  o f  G la c i a l  Lake 
M is s o u la  a t  " A "  and " B " .  The l i g h t  snow cove r  
emphasizes the  b r a id e d  s t ream  p a t t e r n  on th e  f l o o r  
o f  th e  co u le e  c u t  by the  s t ream f l o w i n g  in  Woodchuck 
Canyon near  " C " .  (P ho to  by a u t h o r . )
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s u g g e s t io n s  o f  th e  i n d i v i d u a l  s h o r e - 1 înes from f a i n t  changes in  s lop e  
and bands o f  w a te r - ro u n d e d  s to n e s .  The bands o f  rounded s tones  a re  
a l s o  found  in  wooded a re a s ,  b u t  a re  d i f f i c u l t  t o  f o l l o w  f o r  any 
d i s t a n c e .  E xa m in a t ion  o f  v e r t i c a l  s t e r e o  p a i r s  o f  a e r i a l  photographs is  
a most s a t i s f a c t o r y  method o f  d e te r m in in g  the  e x t e n t  o f  th e  G l a c i a l  
Lake M is s o u la  s h o r e - 1 in e s  in  those  areas where the  t r e e  cove r  p e r m i t s .
A s e r i e s  o f  f i v e  s h o re -1 in e s  is  found on th e  sou th  s lo p e  o f  the  
h i l l  t h r e e - q u a r t e r s  o f  a m i l e  wes t  o f  H a r p e r ' s  Lake.  These s h o re - 1 in e s  
s ta n d  a t  4050 f e e t  t o  4120 f e e t  ( P l a t e  l ) .  T h is  s e t  o f  s h o re - 1 in e s  is  
s i g n i f i c a n t  in  th e  c o r r e l a t i o n  o f  da tes o f  those  g l a c i a l  m o rp h o lo g ic  
fe a t u r e s  found  sou th  o f  t h i s  p o i n t .  Richmond, e t  a l  (1965 ,  p . 236) s t a t e  
t h a t  " t h e  e a r l i e r  P in e d a le  Lake ( d i s c u s s in g  th e  age o f  G l a c i a l  Lake 
M is s o u la )  i s  b e l i e v e d  t o  have r i s e n  t o  4200 f e e t  ............  The second P in e ­
d a le  Lake p r o b a b ly  rose  t o  n e a r l y  th e  same h e i g h t ,  b u t  a t  l e a s t  t o  an 
a l t i t u d e  o f  3850 f e e t . "  There  is  no re c o rd  o f  a L a te  P in e d a le  age 
impoundment o f  G l a c i a l  Lake M is s o u la  (Richmond, e t  a l . 1965) .  I f  c o r r e c t ,  
t h i s  w ou ld  then  p ro b a b ly  p la c e  a l l  o f  th e  g l a c i a l  o c c u p a t io n  o f  the  
lower  f o u r  m i l e s  o f  the  C le a r w a te r  R iv e r  V a l l e y  a t  the  second P in ed a le  
i n t e r v a l  o r  e a r l i e r ,  i f  th e  Lake Pend O r e i l l e  Lobe and th e  F la th e a d  
Lobe o f  t h e  C o r d i l l e r a n  Ice  Cap were o f  the  same age.
C. D e p o s i t i o n a l  Fea tu res  -  The Lake M is s o u la  S i l t s
W. C. A lden  in  h i s  1953 paper ( p . 157) d i d  no t  un d e r take  a d e t a i l e d  
e x a m in a t io n  o f  th e  Lake M is s o u la  s i l t s  and o f f e r e d  no comprehensive 
c l a s s i f i c a t i o n  by age o f  the  v a r io u s  s i l t s  he desce ibed  f o r  s e v e ra l
I
a r e a s .  W i t h i n  th e  s tu d y  area he d id  m e n t ion  th e  f o l l o w i n g :
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I th e  t e r r a c e  known as N in e m i le  P r a i r i e  (3 ,6 40
t o  3 ,780  f t  above sea l e v e l )  i s  u n d e r l a i n  by v e ry  
co a rse  d r i f t  c o n t a i n i n g  b o u ld e rs  1 t o  10 f t  in  
d ia m e te r  and is  coa ted  w i t h  g l a c i o l a c u s t r i n e  s i l t  
10 f t  o r  more t h i c k .
The s t r a t i g r a p h i e  r e l a t i o n  a t  N in e m i le  P r a i r i e  
seems t o  i n d i c a t e  t h a t  the  west  f r o n t  o f  the  P re -  
W is c o n s in  g l a c i e r  he re  extended n e a r l y  as f a r  west 
as th e  exposure  be low th e  mouth o f  E l k  Creek and 
t e r m in a te d  in  the  g l a c i a l  l a k e .  E i t h e r  when t h i s  ice  
f r o n t  receded,  o r  d u r in g  the  W isco ns in  s ta g e  o f  
G l a c i a t i o n ,  the  lake  w a te r  ex tended eas tw ard  o ve r  
the  b o u ld e r y  d r i f t  and covered i t  w i t h  s i l t .  T h is  
is  th e  most e a s t e r l y  p la c e  where th e  s i l t  has been 
obse rved  by the  w r i t e r .  . .**
The above m en t ioned  s i l t - c o v e r e d  d r i f t  o f  th e  N in e m i le  P r a i r i e  is  
i l l u s t r a t e d  in  F ig u r e  14.
Richmond, e t  a l  (1965 ,  p . 236) o f f e r  a c l a s s i f i c a t i o n  as f o l l o w s :
" . . . T h e  lam in a te d  s i l t  i s  o f  two t y p e s :  (1)  t h i c k ,
brown,  compact ,  w e l l  la m in a te d  c la y e y  s i l t  o f  B u l l  
Lake age t h a t  forms e x te n s i v e  t e r r a c e s  a long  the  v a l l e y  
s id e s  and (2 )  t h i n ,  p a le -b ro w n ,  r e l a t i v e l y  s o f t ,  
commonly mass ive  s i l t  o f  P in e d a le  age t h a t  m an t les  
b o th  the  o l d e r  s i l t  t e r r a c e s  and th e  v a l l e y  f l o o r . "
N e i t h e r  a ty p e  s e c t i o n  l o c a l i t y  o f ,  no r  a s ta n d a rd  M unse l l  S o i l  
C o lo r  f o r m u la  f o r  th e  Richmond c l a s s i f i c a t i o n  c o u ld  be d e te rm in e d .
An e x a m in a t io n  o f  s i l t s  from v a r io u s  l o c a t i o n s  in  th e  s tu d y  area 
was made t o  d e te rm in e  i f  a c o r r e l a t i o n  e x i s t s  between s i l t s  in  th e  s tu d y  
area and th e  a b b r e v ia te d  c l a s s i f i c a t i o n  proposed by Richmond. In a s ­
much as a s ta n d a rd  M unse l l  S o i l  C o lo r  fo r m u la  was n o t  g ive n  by Richmond 
f o r  th e  c o l o r s  m en t ion ed  in  h i s  c l a s s i f i c a t i o n ,  an assumed fo rm u la  was 
used based on th e  c o l o r s  m e n t ion e d .  The r e s u l t s  a re  as f o l l o w s :
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S i l t C o r r e l a t i o n  C ha r t
Age /  o r  L o c a l i t y Type C o lo r
P in e d a le  Age 
G l a c i a l  Lake M is s o u la  
s i l t s  ( p e r  Richmond)
t h i n ,  r e l a t i v e  
s o f t  common1y 
mass i ve
p a le  brown 10 YR 6 /3
Bui 1 Lake Age 
G l a c i a l  Lake M is s o u la  
s i l t s  ( p e r  Richmond)
t h i c k ,  compact,  
w e l l  la m in a te d  
c 1ayey s i l t
brown 10 YR 5 /3  t o  4 /3
7 .5  YR 5 /2  t o  4 / 2
7 .5  YR 5 /4  t o  4 / 4
#1 .1 m i l e  N o f  
Round Up Bar 
e l e v a t i o n  3755 f t  
( F i g u r e  14)
lam in a te d  wi th  
f a i n t  d a rk  and 
1 i g h t  bands
v e ry  p a le  brown 
10 YR 7 /3  d ry  
p a le  brown 
10 YR 6 /3  m o is t
#2 on Highway 20 
v i e  Woodchuck Canyon 
e l e v a t i o n  3985 f t
m ass ive ,  m o t t l e d p i n k i s h  grey
7 .5  YR 7 /2  d ry
7 .5  YR 5 . 5 / 2  m o is t
#3 on Highway 20 
1/3 m i l e  NE o f  #2  
e l e v a t i o n  3920 f t
m ass ive  t o  vague ly  
la m in a te d
p i n k i s h  g rey
7 .5  YR 7 .2  d ry
7 .5  YR 6 /2  m o is t
# 4  on Highway 20 
3 / 4  m i l e  W o f  
B la n c h a rd  Creek
v a rv e d -n a r ro w  
1 i g h t  and w ide  
d a rk  bands
p i n k i s h  g rey
7 .5  YR 7 /2  d ry
7 .5  YR 6 .2  m o is t
e l e v a t i o n  3870 f t  
( F i g u r e  15)
From th e  above a n a l y s i s ,  i t  i s  p o s s i b l e  t o  d i f f e r e n t i a t e  between 
sample #1 and th e  g roup o f  # ' s  2,  3 ,  & 4 on th e  b a s is  o f  c o l o r ;  however, 
t h e r e  is  no t  s u f f i c i e n t  c o r r e l a t i o n  t o  a s s ig n  an age t o  t h e  samples based 
on th e  a l l  to o  b r i e f  Richmond c l a s s i f i c a t i o n  (N îm lo s ,  pe rsona l  communi­
c a t i o n  1967) .
No exposure  o f  two d i s t i n c t  s i l t  s e r i e s  l y i n g  con fo rm ab ly  one upon 
th e  o t h e r  has been lo c a te d  in  th e  s tu d y  a re a .
Fo r  purposes o f  t h i s  s t u d y ,  the  l o c a t i o n  o f  s i l t s  w i l l  be d e s c r ib e d  
and th e  r e l a t i v e  age w i l l  be d isc u s s e d  based on o t h e r  ev id ence  such as 
r e l a t i o n s h i p  t o  s h o r e l i n e s  and t e r r a c e  l e v e l s .
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3
F ig u r e  \ k  G l a c i a l  Lake M is s o u la  s i l t s  o v e r l y i n g  
d r i f t  .1 m i l e  n o r t h  o f  th e  Round-Up Bar on the  
e a s t  s i d e  o f  Highway 20. E le v a t i o n  about  3755 f t .  
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F ig u r e  15 An exposure  o f  G l a c i a l  Lake M is s o u la  
s i l t s  o v e r l y i n g  d r i f t .  T h is  is  th e  s i t e  o f  sample 
number 4 m en t ion ed  on page 35 , a road c u t  a long  
Highway 20,  3 /4  m i l e  s o u th e a s t  o f  the  p o i n t  where 
B la n c h a rd  Creek f lo w s  under  th e  h ighway.
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D. I c e - R a f t î n g
S e v e ra l  l a r g e  e r r a t i c s  up t o  ten  f e e t  in  d ia m e te r  t h a t  were p r o b a b ly  
r a f t e d  i n t o  p la c e  by i c e  in  the  w a te rs  o f  G la c i a l  Lake M is s o u la  a re  
fou nd  in  th e  r e l a t i v e l y  f l a t  a rea  b o r d e r i n g  E l k  Creek t o  th e  e a s t  o f  
H i ghway 20.
I c e - r a f t i n g  p r o b a b ly  to o k  p la c e  In the  B lanch a rd  F l a t s  a re a .  S eve ra l  
d e p re s s io n  f e a t u r e s ,  such as B lanch a rd  and H a rp e r ' s  Lakes and s e v e ra l  
unnamed d e p re s s io n s  e a s t  o f  Highway 209, c o u ld  have r e s u l t e d  f rom the  
m e l t i n g  o f  i c e b e rg s  r a f t e d  away from the  to e  o f  the  C le a r w a te r  G l a c i e r  
in  th e  v i c i n i t y  o f  Elbow Lake.  These bergs were p ro b a b ly  s t ra n d e d  down­
s t ream  as sugges ted  by the  s c a t t e r e d  p a t t e r n  o f  the  d e p re s s io n s .  Subse­
quent  outwash f rom  th e  g l a c i e r  wou ld  have covered  th e  s m a l l e r  bergs 
and su r rounded  th e  l a r g e r  ones where lakes  a re  p r e s e n t .  T h is  cou rse  o f  
even ts  is  in  p a r t  m en t ioned  by A lden  (1 9 5 3 ) .  The s u r f a c e  p a t t e r n  o f  a 
b r a id e d  d r a in a g e  system on an outwash p l a i n  o f  w a te r - ro u n d e d  cobb les  
leads d i r e c t l y  o n to  th e  f l o o r  o f  the  d e p re s s io n  e a s t  o f  Highway 209 
( F i g .  16 ) .
E. C o n t r o l  o f  the  Loca l  Base Leve l
The chan g in g  w a te r  l e v e l s  o f  G l a c i a l  Lake M is s o u la  a f f e c t e d  lo c a l  
base l e v e l  in  th e  s tu d y  area by v a r y i n g  th e  e f f e c t i v e  l e v e l  t o  wh ich  
s treams c o u ld  e rode  and t r a n s p o r t  m a t e r i a l .  A r i s i n g  le v e l  o f  th e  la k e  
wou ld  tend  t o  change th e  c y c l e  from e r o s io n  and t r a n s p o r t a t i o n  t o  one o f  
s o r t i n g  and d e p o s i t i o n .  A g r a d u a l l y  l o w e r in g  le v e l  o f  the  la k e  wou ld  
cause l o c a l  r e j u v e n a t i o n  o f  the  s treams as w e l l  as expose a good s u p p ly  
o f  l o o s e l y  c o n s o l i d a t e d  s t ream  d e p o s i t s  and lake  bed d e p o s i t s  f o r  t r a n s ­
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F i g u r e  16 An o b l i q u e  a e r i a l  p h o to  o f  t h e  C l e a r w a t e r  J u n c t i o n  
a r e a .  The C l e a r w a t e r  R i v e r  f l o w s  f ro m  th e  r i g h t  to w a rd  t h e  t o p  
o f  th e  p h o t o .  N o te  t h e  b r a i d e d  d r a in a g e  p a t t e r n  on th e  E lbow 
Lake  M o r a in e  ou tw ash  p l a i n  and how i t  a p pe a rs  t o  le a d  i n t o  t h e  
d e p r e s s i o n  f e a t u r e  " A “  in  t h e  r i g h t  f o r e g r o u n d .  No te  a l l u v i a l  
t e r r a c e s  c u t  i n  ou tw ash  p l a i n  n e a r  " B " . The b o ld  dashed l i n e  
i n d i c a t e s  t h e  t r a c e  o f  t h e  f a u l t  s c a r p  m e n t io n e d  on page 11,
The l i g h t  dashed l i n e  e n c lo s e s  t h e  t i l t e d  b l o c k  o f  T e r t i a r y  s e d i  
ments  (Ts )  d i s c u s s e d  on page 11 .  The s m a l l  f e a t u r e s  a t  " C "  a re  
t h o u g h t  t o  be c r e v a s s e  f i l l i n g s  f r o m  t h e ' E a r l y  P i n e d a l e "  r e ­
c e s s i o n .  (P h o to  by a u t h o r . )
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have o c c u r r e d  d u r i n g  th e  l a t t e r  p a r t  o f  th e  e a r l y  P in e d a le  advance 
(R ichmond, e t  a i . 1965, p . 2 3 4 ) ,  c o u ld  no t  be expec ted  to  produce la n d -  
forms o f  v e r y  l a r g e  s i z e  In th e  s tu d y  area such as the  g i a n t  r i p p l e  
marks f a r t h e r  west  In  Montana d iscu s s e d  by Pardee (1 9 4 2 ) ,  due t o  th e  
l i m i t e d  volume o f  w a te r  s t o r e d  o v e r  and up s t ream  from th e  s tu d y  a re a .
One 1andform t h a t  c o u ld  p r o b a b ly  be a t t r i b u t e d  t o  a r a p i d  w i th d ra w a l  
o f  G l a c i a l  Lake M is s o u la  is  th e  la r g e  a l l u v i a l  fan  r a d i a t i n g  i n t o  N in e ­
m i l e  P r a i r i e  f rom the  mouth o f  the  v a l l e y  t o  th e  west  o f  Woodchuck 
Canyon. T h is  fa n  is  d is c u s s e d  in  d e t a i l  i n  Chap te r  V in  th e  s e c t i o n  
d e a l i n g  w i t h  th e  Woodchuck Canyon-B lanchard  Creek D ra inage  System.
A s ta n d  o f  G l a c i a l  Lake M is s o u la  w a te rs  a t  one p a r t i c u l a r  l e v e l ,  
such as th e  long  s ta n d  a t  t h e  3700 f o o t  l e v e l  suggested by Pardee (1910,  
p . 381) ,  w ou ld  a l s o  have had i t s  s p e c ia l  e f f e c t s .  A lden  (1953,  p . l 0 8 )  
f e l t  t h a t  th e  p r e -W is c o n s in  ( B u l l  Lake,  Richmond, e t  a i . 1965) g l a c i e r  
had i t s  w e s te rn  te rm in u s  in  a g l a c i a l  la k e  in  th e  w e s te rn  h a l f  o f  modern 
N in e m i le  P r a i r i e .  A long  s ta n d  o f  th e  lake  a t  3700 f e e t ,  the  average 
e l e v a t i o n  o f  N in e m i le  P r a i r i e ,  and th e  p resence o f  the  g l a c i e r ' s  te rm in u s  
in  th e  same a rea  c o u ld  p ro b a b ly  accoun t  f o r  the  t h i c k  t i l l  shee t  t h a t  
makes up th e  w e s te rn  p o r t i o n  o f  N in e m i le  P r a i r i e .  The t e r m in a l  m ora ine  
formed in  c o n t a c t  w i t h  t h e  la ke  w ou ld  have been s u b je c t  t o  s lum p ing  and 
wave a c t i o n ,  as th e  t i l l  was l a i d  down in  the  w a t e r ,  and wou ld  t h e r e f o r e  
be v e r y  p o o r l y  p r e s e r v e d ,  i f ,  indeed ,  a t e r m in a l  m ora ine  was fo rm ed .
Cuts  i n  th e  t i l l  o f  th e  w e s te rn  h a l f  o f  N in e m i le  P r a i r i e  show poor  t o  
good s o r t i n g  o f  th e  t i l l  w i t h  some ev id e n ce  o f  w a te r - ro u n d e d  c o b b le s .
T h i s  s ta n d  a t  3700 f e e t  was p r o b a b ly  r e s p o n s ib le  f o r  the  f o r m a t i o n  o f  
N in e m i le  P r a i r i e .  A na r ro w  canyon in  r e s i s t a n t  B e l t  S e r ie s  ro c k  a t  th e
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w es t  end o f  N in e m i le  P r a i r i e  has p r o b a b ly  been r e s p o n s ib le  f o r  m a in ­
t a i n i n g  th e  p r a i r i e  a t  i t s  p re s e n t  l e v e l .  A n i c k  p o i n t  a t  a p p ro x im a te ly  
th e  e l e v a t i o n  o f  t h i s  canyon appears t o  be advanc ing  upstream a lo n g  th e  
B l a c k f o o t  R i v e r  as a r e s u l t  o f  the  L a te  P le i s t o c e n e  u p l i f t .  The l o c a t i o n  
o f  t h i s  n i c k  p o i n t  Is  sugges ted  by the  s e c t i o n  o f  r a p id s  in  the  B la c k ­
f o o t  R i v e r  in  th e  v i c i n i t y  o f  th e  Round Up B a r .
Beaty  (1962 ,  p . 120) d e s c r ib e s  an e x c e l l e n t  example o f  the  e f f e c t s
o f  th e  w i t h d r a w a l  o f  G l a c i a l  Lake M is s o u la  f rom the  outwash p l a i n
s o u th  o f  the  Elbow Lake m o ra in e  j u s t  n o r t h  o f  the  s tu d y  a re a .
" . . . A  s e r i e s  o f  a l l u v i a l  t e r r a c e s  in  g l a c i a l  outwash 
is  found  in  the  lower  C le a r w a te r  R i v e r  d ra in a g e  b a s in  
so u th  o f  Salmon L a k e . . . .  In p laces  as many as seven 
o r  e i g h t  matched t e r r a c e  t re a d s  a re  seen a long  th e  r i v e r ,  
w h ich  i s  f l o w i n g  in  a t re n c h  100-150 f e e t  be low the  
h i g h e s t  outwash s u r f a c e .  The p h y s io g r a p h ic  ev idence  
sugges ts  s t r o n g l y  t h a t  th e  t e r r a c e s  were c u t  by the  ^
C le a r w a te r  R i v e r  as i t s  l e v e l  d e c l i n e d  w i t h  th e  f a l l i n g  
s u r f a c e  o f  Lake M is s o u la .  I t  seems p ro b a b le  t h a t  a 
s h a l l o w  arm o f  the  la k e  once ex tended n o r t h  a t  l e a s t  
as f a r  as Salmon Lake.  As Lake M is s o u la  d r a in e d ,  i t s  
l e v e l  dropped p r o g r e s s i v e l y  and the  newly  e s t a b l i s h e d  
C le a r w a te r  R i v e r  f o l l o w e d  s u i t ,  t r e n c h in g  th e  p o o r l y  
c o n s o l i d a t e d  outwash sou th  o f  Salmon L a k e . "
S e v e ra l  o f  th e  t e r r a c e s  m ent ioned  above can be seen in  F ig u r e  16.
CHAPTER V MORPHOLOGIC EFFECTS OF GLACIATION
A. I n t r o d u c t i o n
T h is  s tu d y  is  p r i m a r i l y  concerned w i t h  m o rp h o lo g ic  f e a t u r e s  in  
th e  low er  t h r e e  and o n e - h a l f  m i l e s  o f  t h e  C le a r w a te r  R i v e r  V a l l e y ;  in  
t h e  B la c k f o o t  R i v e r  V a l l e y  f rom th e  Powel l  County  L in e  t o  the  Highway 20 
b r i d g e  a t  t h e  Round Up B a r ;  and in  th e  Woodchuck Canyon-South F o rk  o f  
B la n c h a rd  Creek d ra in a g e  sys tem .
The s tu d y  area  c o n t a in s  an assemblage o f  g l a c i a l  land fo rm s t h a t  
r e f l e c t s  th e  re c o rd  o f  i t s  g l a c i a l  h i s t o r y .  The s e v e ra l  d ra in a g e  areas 
w i l l  f i r s t  be d e s c r ib e d  g e n e r a l l y .  T h is  w i l l  be f o l l o w e d  by a more 
d e t a i l e d  s y s t e m a t i c  d e s c r i p t i o n  o f  th e  i n d i v i d u a l  la n d fo rm s ,  and an 
e x p la n a t i o n  o f  t h e i r  o r i g i n  in  r e l a t i o n  t o  th e  g l a c i a l  sequence o f  t h e  
s tu d y  a re a .
The g l a c i a l  sequence i n  th e  s tu d y  a rea  appears  t o  be as f o l l o w s :
G e o lo g ic  Age A c t i v i t y  in  S tudy  Area
" P i n e d a l e "
L a te  S tade  No advance o f  C le a r w a te r  G l a c i e r
No G l a c i a l  Lake M is s o u la  w a te rs  in  area
I n t e r s t a d e  B rea ch ing  o f  Elbow Lake m ora ine  by the
C le a r w a te r  R i v e r .
Recess ion  o f  C le a r w a te r  G l a c i e r
M id d le  S tade Outwash p l a i n  (B la n c h a rd  F l a t s )
Elbow Lake m ora ine
Lake M is s o u la  r a f t i n g  iceb e rg s
I n t e r  S tade  D e p o s i t i o n  o f  fan  on N in e m i le  P r a i r i e
a f t e r  c a t a s t r o p h i c  em pty ing  o f  G l a c i a l  
Lake M is s o u la
D e p o s i t i o n  o f  Bear Creek F l a t s
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**P i n e d a le "
E a r l y  S tade Ice  advance t o  B la c k f o o t  Gorge-near  top  
o f  Gaboon's Hi 11-down Woodchuck Canyon. 
R is e  o f  G l a c i a l  Lake M is s o u la  w a te rs  i n t o  
area  s lo w in g  advance in  areas be low 
4200 f e e t .
I n t e r g l a c i a t i o n
" B u l l  Lake"
L a te  S tade 
2nd e p is o d e
S i l t s  d e p o s i te d  in  l a t e r  s tag e  
D e p o s i t i o n  o f  t i l l  cove r  o f  N in e m i le  
Pra i r i e
R ise  o f  G l a c i a l  Lake M is s o u la  t o  N in e ­
m i l e  P r a i r i e  o r  above 
B la c k f o o t  R i v e r  h e ld  a g a in s t  B l a c k t a i l  
and Ba ldy  M ounta ins
Maximum advance t o  Cap W a l la c e  Gulch
P r e - " B u l 1 Lake" No ev id ence  found in  s tu d y  a re a .
The age c o r r e l a t i o n  above i s  adapted from Richmond, e t  a l  (1 9 6 5 ) ,  
the  l a t e s t  r e g io n a l  c o r r e l a t i o n  in  th e  Rocky M o u n ta in s .  (See T a b le  l )
B. The B l a c k f o o t  R i v e r  V a l l e y
The B l a c k f o o t  R i v e r  e n te r s  th e  s tu d y  area  from th e  e a s t  th ro ug h  a 
s t e e p - s i d e d  g o rge .  T h is  cou rse  i s  th o u g h t  by t h i s  a u th o r  t o  be f a u l t  
c o n t r o l l e d ,  as has been d is c u s s e d  p r e v i o u s l y  ( p . 11 ) .  The B la c k f o o t  R i v e r  
r i s e s  near  th e  C o n t i n e n t a l  D i v i d e  some f i f t y  m i l e s  t o  th e  e a s t  o f  the  
s tu d y  a r e a .  i t  d r a in s  an a rea  o f  a p p ro x im a te ly  1800 square  m i le s  p r i o r  
t o  e n t e r i n g  th e  s tu d y  a re a .  D u r in g  th e  P le i s t o c e n e  Epoch the B la c k f o o t  
R i v e r  d r a in e d  th e  m e l t  w a te rs  o f  s e v e ra l  a l p i n e  g l a c i e r s  t h a t  descended 
i n t o  th e  B l a c k f o o t  V a l l e y  e a s t  o f  the  s tu d y  area from th e  B la c k f o o t  H i l l s  
t o  th e  n o r t h .  A lden  (1953) a t t r i b u t e s  the  t r u n c a t e d  n o r t h  fa ce  o f  
B l a c k t a i l  M oun ta in  t o  e r o s io n  by the  B l a c k f o o t  R i v e r  when i t  was h e ld  J
a g a i n s t  t h i s  m o un ta in  w a l l  by g l a c i e r s  descend ing  from the  "U "  shaped 
v a l l e y s  t o  the  n o r t h .
44
A f t e r  t h e  B l a c k f o o t  R i v e r  e n te r s  th e  s tu d y  area  near the  Powel l
County  l i n e ,  I t  sw ings t o  the  s o u th  f o r  t h r e e  m i l e s  b e fo r e  e n t e r i n g  th e
gorge  between B a ld y  M oun ta in  and Gaboon's H i l l .  From t h i s  gorge the  
B l a c k f o o t  e n te r s  th e  e a s t  end o f  N in e m i le  P r a i r i e  where I t  Is  j o i n e d  by 
the  C le a r w a te r  R i v e r  f l o w i n g  In from th e  n o r t h .  The e n la rg e d  B la c k f o o t  
R i v e r  then  f o l l o w s  a w id e ,  lo o p in g  cou rse  t o  th e  sou th  and w e s t ,  keep ing  
g e n e r a l l y  t o  th e  sou th  s i d e  o f  N in e m i le  P r a i r i e .
Above th e  l e f t ,  o r  e a s t ,  bank o f  the  B la c k f o o t  R i v e r ,  from I t s  e n t r y  
I n t o  the  s tu d y  area  t o  I t s  e x i t  i n t o  the  e a s t  end o f  N in e m i le  P r a i r i e ,  
is  a s te e p  v a l l e y  w a l l  t h a t  r i s e s  600 t o  700 f e e t  above the  low t e r r a c e  
b o r d e r i n g  th e  r i v e r  bed.  T h i s  s te e p  be drock  v a l l e y  w a l l  p r o b a b ly  owes 
i t s  p r e s e n t  fo rm  t o  e r o s io n  by th e  B la c k f o o t  R i v e r  when a g l a c i e r  o f  \ 
" B u l l  Lake"  age descended th e  C le a r w a te r  V a l l e y ,  d i v e r t i n g  th e  B l a c k f o o t  ' ^
R iv e r  t o  t h i s  h ig h e r  p o s i t i o n  a g a in s t  th e  w es t  fa c e  o f  B l a c k t a i l  M o u n ta in ^
R e f e r r i n g  a g a in  t o  the  B la c k f o o t  R i v e r  V a l l e y ,  a t  th e  e n t ra n c e  to  
th e  s tu d y  a rea  th e  r i v e r  bed swings t o  th e  n o r t h  s i d e  o f  th e  go rg e .  On 
th e  s o u th  bank a low t e r r a c e ,  ten  f e e t  above th e  r i v e r  bed,  r i s e s  s l o w l y  
t o  an a rea  o f  rough hummocky m o ra ine  t h a t  ex tends  s e v e ra l  hundred f e e t  
up the  s o u th  v a l l e y  w a l l .  In  th e  lower end o f  t h i s  mora ine  area t h e r e  
i s  a d r y  channe l  p a r a l l e l  t o  the  main r i v e r .  T h is  channel  has been c u t  
to  b e d ro c k  b u t  Is  about  130 f e e t  above the  p r e s e n t  r i v e r  bed. P l a t e  I .
T h is  rough ,  s t e e p - s i d e d  m o ra in e ,  j u d g i n g  f rom I t s  r e l a t i v e l y  low to p o ­
g r a p h i c  p o s i t i o n  and s h a l lo w  s o i l  p r o f i l e ,  was b u i l t  by th e  second 
advance o f  i c e  I n t o  th e  a re a ,  th e  " E a r l y  P in e d a le "  advance. The C l e a r ­
w a t e r  G l a c i e r  e n te re d  the  gorge and was a b le  t o  dam the  B la c k f o o t  R i v e r  
f o r  a p e r i o d  d u r i n g  w h ich  th e  m ora ine  was d e p o s i t e d .  F l i n t  (1957)
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su g g es ts  t h a t  d u r i n g  p e r io d s  o f  maximum advance by g l a c i e r s ,  th e  s t ream 
f l o w  in  a d ja c e n t  a reas  is  a t  a minimum, e n a b l in g  the  g l a c i e r s  t o  d i v e r t  
o r  dam s t reams in  t h e i r  p a th .  The B la c k f o o t  R iv e r  a p p a r e n t l y  was a b le  
t o  b reach  t h i s  i c e  dam a t  s e v e ra l  p la c e s .  The d ry  channel  p rese rved  
in  t h e  m o ra in e  was p r o b a b ly  abandoned in  f a v o r  o f  a lo w e r ,  less  r e s i s ­
t a n t  channe l  i n  th e  v i c i n i t y  o f  the  p re s e n t  r i v e r  bed.
On th e  r i g h t ,  o r  w e s t ,  bank o f  th e  B l a c k f o o t  R i v e r  t h e r e  Is  a low 
w ind  gap o p p o s i t e  th e  e a s t  edge o f  B lanch a rd  F l a t s ,  about  20 f e e t  above 
th e  p r e s e n t  r i v e r  bed ( F i g .  17 ) .  The w ind  gap heads in  a b ro ad ,  d ry  
s t ream  bed t h a t  t r a v e r s e s  th e  sou th  end o f  B lancha rd  F l a t s  t o  j o i n  the  
C le a r w a te r  R i v e r  o p p o s i t e  the  p re s e n t  mouth o f  B lancha rd  C reek .  The 
abandoned r i v e r  channe l  was e v i d e n t l y  c u t  t o  a moderate  depth  b u t  was 
l a t e r  f i l l e d  t o  n e a r l y  th e  l e v e l  o f  B lanch a rd  F l a t s .  (Wel l  depth  o f  30 
f e e t  In  " r i v e r  g r a v e l "  g iv e n  by owner o f  J o n e s y 's  C a fe . )
T h is  r i v e r  bed was p r o b a b ly  c u t  d u r in g  th e  e a r l y  r e c e s s io n  o f  the  
l a s t  s ta g e  o f  P in e d a le  g l a c i a t i o n  and l a t e r  f i l l e d  in  when m e l t i n g  i c e  
In the  l a r g e  d ra in a g e  a rea  o f  th e  B la c k f o o t  R i v e r  t o  th e  e a s t  s u p p l i e d  
g r e a t  volumes o f  w a te r  and d e b r i s  downstream.
South  and w es t  o f  the  w ind  gap d e s c r ib e d  above t h e r e  is  a s t re a m ­
l i n e d  h i l l  t h a t  r i s e s  above the  s u r ro u n d in g  low g roun d .  A t  the  c r e s t  o f  
the  h i l l  b e d ro c k  o f  th e  B e l t  S e r ie s  is  exposed. Scoured i n t o  t h i s  bed­
ro c k  a re  s t r i a t i o n s  t h a t  t r e n d  S 46^  E. The s u r f a c e  s u r ro u n d in g  t h i s  
h i l l  t o  th e  e a s t ,  s o u th ,  and west  is  veneered w i t h  ground m o ra in e .  T h is  
m o ra in e  has a f l u t e d  p a t t e r n  t h a t  p a r a l l e l s  th e  s t r i a t i o n s  on the  c r e s t  
o f  t h e  h i l l .  There  a re  s e v e ra l  sm a l l  lakes  and bogs in  t h i s  m ora ine
between t h e  s t r e a m l i n e d  h i l l  and Cahoon's H i l l .  A long  th e  e a s t  and 




F i g u r e  17 T h i s  o b l i q u e  a e r i a l  p h o to  shows th e  
B l a c k f o o t  R i v e r  n e a r  i t s  e n t r a n c e  i n t o  t h e  s tu d y  
a r e a .  F low  i s  f ro m  th e  uppe r  r i g h t  to w a rd  th e  low ­
e r  c e n t e r  o f  p h o t o .  Note  t h e  Wind Gap and th e  aban­
doned s t re a m  bed (Wind Gap t o  " A "  p a r a l l e l  t o  
H ighway 2 0 ) .  The d o t t e d  l i n e  d e no tes  th e  bounda ry  
be tween  th e  m o ra in e  and th e  t e r r a c e  above t h e  r i v e r  
The lo n g  a r ro w s  show d i r e c t i o n  o f  p r o b a b le  i c e  
movement f ro m  th e  n o r t h w e s t .  Note  th e  s m a l l  l a k e  
and bog be tween th e  s t r e a m l i n e d  h i l l  and Cahoon 's  
H i l l .  ( P h o to  by a u t h o r . )
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t h a t  appears t o  have been c u t  I n t o  th e  m o ra ine  when the  r i v e r  f lo w e d  a t  
a h i g h e r  l e v e l  than  does th e  modern B la c k f o o t  R i v e r  ( F i g .  17 ) .
The s t r e a m l i n e d  h i l l  was p r o b a b ly  o v e r r i d e n  d u r i n g  the  " B u l l  Lake" 
and " E a r l y  P in e d a le "  advances by ic e  f l o w i n g  f rom the  n o r th w e s t .  The 
m o ra in e  p a t t e r n  re p re s e n ts  d e p o s i t i o n  d u r i n g  th e  re c e s s io n a l  phase o f  
th e  " E a r l y  P in e d a le "  advance.  The B la c k f o o t  R i v e r ,  a f t e r  b re a c h in g  th e  
m o ra in e  dam in  the  go rg e ,  was competent  t o  e rode any t e r m in a l  m ora ine  
on th e  n o r t h  s i d e  o f  th e  g o rge .  The r i v e r  then f lo w e d  sou th  a long  th e  
i c e - b e d r o c k  c o n t a c t  u n t i l  th e  w a te r  o f  th e  B l a c k f o o t ,  fe d  by r u n o f f  
f rom  th e  la r g e  area t o  the  e a s t ,  was a b le  t o  t r u n c a t e  the  m ora ine  in 
the  t e r r a c e  some 25 t o  30 f e e t  above i t s  p re s e n t  l e v e l .  The t e r r a c e ,  
known l o c a l l y  as Bear Creek F l a t ,  is  matched on th e  o p p o s i t e  bank by a 
t e r r a c e  o f  s i m i l a r  h e i g h t .
The Bear Creek F l a t  t e r r a c e  and the  m a tch ing  t e r r a c e  on the  o p p o s i t e  
bank a re  b o th  f a i r l y  l e v e l  and ex tend  back  t o  th e  s tee p  v a l l e y  w a l l  on 
th e  one s i d e  and the  c l i f f s  o f  Cahoon's  H i l l  on the  o t h e r .  T a lu s  accum­
u l a t i o n s  f rom th e  s tee p  r o c k  v a l l e y  s id e s  and c l i f f s  a re  re p re s e n te d  by 
cones t h a t  ex te nd  t o  th e  edges o f  these  t e r r a c e s .  The t e r r a c e s  are  
veneered  w i t h  s e v e ra l  f e e t  o f  p i n k i s h - g r e y  s i l t .  The Bear Creek F l a t  
t e r r a c e  ex tend s  a s h o r t  d i s t a n c e  a lo ng  th e  sou th  s id e  o f  the  B la c k f o o t  
R i v e r  a f t e r  l e a v in g  th e  go rge  between Cahoon's  H i l l  and Ba ldy M o un ta in .  
Here ,  on the  e a s t  end o f  N in e m i le  P r a i r i e ,  t h i s  t e r r a c e  merges w i t h  a 
complex g roup o f  t e r r a c e s  above th e  B la c k f o o t  R i v e r .  T h is  g roup o f  t e r ­
races w i l l  be d is c u s s e d  l a t e r .
The Bear Creek F l a t  t e r r a c e  is  p r o b a b ly  b u i l t  o f  d e b r i s  t r a n s p o r t e d
f ro m  e a s t  o f  th e  s tu d y  area  by the  B l a c k f o o t  R i v e r  and from m ora ine  
d e p o s i t e d  by th e  C le a r w a te r  G l a c i e r  in  th e  v i c i n i t y  o f  th e  s t r e a m l in e d
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h i l l s  d u r i n g  th e  E a r l y  S tade o f  P in e d a le  g l a c i a t i o n .  The r i s e  o f  G la c i a l  
Lake M is s o u la  i n t o  th e  area  wou ld  have a l t e r e d  the  s t ream e r o s io n  c y c le  
and induced a l o c a l  r i s e  in  base l e v e l .  S o r t i n g  and d e p o s i t i o n  wou ld  
have become the  p r im a r y  w ork  o f  the  B la c k f o o t  R i v e r .  A f u r t h e r  r i s e  
o f  G l a c i a l  Lake M is s o u la  in  th e  s tu d y  area wou ld  have caused la ke  w a te rs  
t o  come in  c o n t a c t  w i t h  th e  low er  p o r t i o n  o f  the  i c e  f r o n t .  C a l v in g  o f  
i c e b e rg s  f rom th e  to e  o f  th e  g l a c i e r  wou ld  have hastened r e t r e a t  o f  the  
i c e  f r o n t  a t  low er  e l e v a t i o n s .  I t  is  conc luded  t h a t  th e  r i s i n g  w a te rs  o f  
G l a c i a l  Lake M is s o u la  were a b le  t o  f l o a t  o u t  th e  low er  p o r t i o n  o f  th e  
C le a r w a te r  G l a c i e r ,  thus e f f e c t i v e l y  cau s in g  a re c e s s io n  o f  th e  ic e  be low 
4200 f e e t .  The 4200 f o o t  l e v e l  i s  c o n s id e re d  by AI den (1953) as th e  
maximum e l e v a t i o n  o f  G l a c i a l  Lake M is s o u la  a t  t h i s  t im e .
An i n t e r e s t i n g  asp ec t  o f  th e  B la c k f o o t  R i v e r  V a l l e y  w a r r a n t s  s p e c ia l  
m e n t io n .  Many la r g e  b o u ld e rs  o f  B e l t  S e r ie s  ro c k  a re  found in  th e  r i v e r  
bed and in  th e  t e r r a c e s  on b o th  s i d e s .  These b o u ld e rs  measure up t o  
f i f t e e n  o r  tw e n ty  f e e t  in  d ia m e te r .  The la r g e  b o u ld e rs  a re  f i r s t  n o t i c e d  
j u s t  ups tream f rom  th e  Bear Creek B r i d g e .  They a re  p re s e n t  in  th e  bed 
o f  the  B l a c k f o o t  R i v e r ,  in  the  low er  t e r r a c e  l e v e l ,  and on the  f i r s t  t e r ­
race l e v e l  as f a r  downstream as the  w es t  end o f  N in e m i le  P r a i r i e .  S i g n i ­
f i c a n t l y ,  no such b o u ld e rs  a re  found s t r u n g  a long  th e  C le a rw a te r  R i v e r  in  
t h e  s tu d y  a re a .  T h is  d i s t r i b u t i o n  o f  huge b o u ld e rs  was p ro b a b ly  caused 
by th e  immense d is c h a rg e  o f  th e  " B u l l  Lake"  B la c k f o o t  R iv e r  when d i v e r t e d  
i n t o  a zone o f  weakness a lo ng  i t s  modern c o u rs e .  As s t a t e d  e a r l i e r ,  
f a u l t s  a re  i n f e r r e d  between Cahoon's  H i l l  and Ba ldy  Mounta in  and upstream 
a lo n g  th e  B l a c k f o o t  R i v e r  t o  th e  c o u n ty  l i n e  ( F ig u r e  4 ) .  I t  i s  f e l t  
t h a t  th e  a n c ie n t  B l a c k f o o t  R i v e r  was competent t o  t r a n s p o r t  these  huge
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b o u ld e r s  f rom  th e  zones o f  weakness a lo ng  these  i n f e r r e d  f a u l t  sca rps  
when th e  r i v e r  was d i v e r t e d  by th e  " B u l l  Lake"  advance o f  the  C le a rw a te r  
G l a c i e r .
The number o f  these  la r g e  b o u ld e rs  r e s t i n g  on the  f i r s t  t e r r a c e  c u t  
i n t o  th e  h i g h e r  l e v e l  t e r r a c e  is  b e s t  e x p la in e d  by the  f a c t  t h a t  subse­
quen t  s t ream  f l o w  t h a t  c u t  i n t o  th e  h ig h  t e r r a c e  was no t  competent t o  
remove th e  la r g e  b o u ld e rs  ( F ig u r e  18 ) .  These b o u ld e rs  e x h i b i t  a b ra s io n  
ro u n d in g  on th e  exposed upstream s id e s  and r e l a t i v e l y  l i t t l e  on the  lee  
s i d e s .
The complex s e r i e s  o f  t e r r a c e s  found on th e  e a s t  end o f  N in e m i le  
P r a i r i e  is  shown in  F ig u r e  19* These t e r r a c e s  a re  no t  p a i r e d  b u t  tend  
t o  be grouped on th e  e a s t  bank o f  th e  r i v e r .
About  one and o n e - f o u r t h  m i l e s  NE o f  th e  E -Bar -L  Ranch t h e r e  is  a 
sm a l l  h i l l  about  o n e - q u a r t e r  square  m i l e  in  a re a ,  r i s i n g  about two hundred 
and f i f t y  f e e t  above th e  r i v e r  t o  an e l e v a t i o n  o f  4045 f e e t .  C a re fu l
e x a m in a t io n  o f  th e  a rea  f a i l e d  t o  d i s c l o s e  a c o re  o f  b e d ro c k .  T h is  low
h i l l  i s  b e l i e v e d  t o  be a p o r t i o n  o f  " B u l l  Lake"  m o ra in e ,  as judged  from 
th e  subdued n a tu r e  o f  i t s  topog raphy  and th e  deep w e a th e r in g  o f  some o f
th e  e r r a t i c s  found  ( H i l l  " B "  on F ig u r e  19 ) .
From t h i s  low h i l l  t o  th e  s o u th  ex tends  the  h ig h e s t  t e r r a c e  in  the  
v i c i n i t y .  I t  p r o b a b ly  has been reduced in  s i z e  as is  suggested  by the  
low er  t e r r a c e s  t h a t  appear t o  have been c u t  i n t o  th e  h ig h e r  one. I t  is  
b e l i e v e d  t h a t  t h i s  t e r r a c e  l e v e l  r e p re s e n ts  a " B u l l  Lake"  d e p o s i t î o n a l  
s u r f a c e  c o r r e s p o n d in g  t o  th e  h ig h  t e r r a c e  l e v e l  o f  N in e m i le  P r a i r i e .
Between th e  low h i l l  m en t ioned  above and the  wes t  s lo p e  o f  Ba ldy  
M o u n ta in  a b road  s h a l lo w  outwash channe l  swings in  a broad a rc  s o u th e a s t
50
F ig u r e  18 T h is  pho to  taken l o o k in g  e a s t  from the  
Round Up Bar shows s e v e ra l  o f  the  huge b o u ld e rs  r e s t i n g  
on th e  f i r s t  t e r r a c e  above th e  B la c k f o o t  R i v e r ,  Note 
a l s o  how p a r t s  o f  s e v e ra l  o t h e r  b o u ld e rs  appear above 
th e  s u r f a c e  o f  the  t e r r a c e .  (Pho to  by a u t h o r . )
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F ig u r e  19 T h is  o b l i q u e  a e r i a l  pho to  o f  the  eas t  and 
o f  N in e m i le  P r a i r i e  shows the  complex s e r i e s  o f  t e r r a c e s  
under  a l i g h t  snow c o v e r .  The B la c k f o o t  R i v e r  e n te rs  the  
s tu d y  area near "C'" and f lo w s  between B l a c k t a i l  M ounta in  
and Cahoon's H i l l .  The C le a r w a te r  R iv e r  e n te rs  from the  
n o r t h  and j o i n s  th e  B l a c k f o o t  R i v e r  near " A " .  The en­
la rg e d  B la c k f o o t  R i v e r  f l o w s  o u t  o f  the  p i c t u r e  a t  " 0 " .  
The h i l l  o f  " B u l l  Lake"  m ora ine  ment ioned  on page 49 is  
marked " H i l l  B " . The remnant o f  " B u l l  Lake"  t e r r a c e  
around " H i l l  B" i s  marked "H ig h  T e r r a c e " .  The outwash 
channe l  m ent ioned  on page 49 has i t s  head j u s t  above "B "  
and opens o u t  t o  the  l e f t  and r i g h t  o f  the  E -Bar-L  Ranch. 
The "Second T e r r a c e "  is  b e l i e v e d  t o  have been c u t  by an 
a n c ie n t  s t re am  composed o f  the  B la c k f o o t  and C le a rw a te r  
R i v e r s  f l o w i n g  in  th e  C le a r w a te r  R i v e r  V a l l e y .  The 
" F i r s t  T e r r a c e "  i s  b e l i e v e d  t o  be po s t  " M id d le  P in e d a le "  
and c o n ta in s  numerous la r g e  b o u ld e rs  exposed on i t s  
s u r f a c e .  (P ho to  by a u t h o r . )
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a c ross  th e  upper  t e r r a c e  toward  th e  B la c k f o o t  R i v e r .  The head o f  the  
outwash channe l  i s  o c c u p ie d  by an uneven, rough ,  t e r r a c e - l i k e  r i d g e  
e x te n d in g  f rom  th e  lower  s lo p e s  o f  Ba ldy Mounta in  no r th w a rd  around the  
low h i l l  and n a r ro w in g  o u t  tow ard  the  w e s t .  T h is  outwash channel  is  
b e l i e v e d  t o  be o f  " E a r l y  P in e d a le "  age and i t  i s  th o u g h t  t h a t  i t s  head 
r e p r e s e n ts  th e  p o s i t i o n  o f  th e  maximum advance o f  th e  C le a r w a te r  G l a c i e r  
o n to  th e  e a s t  end o f  N in e m i le  P r a i r i e .  A lobe  o f  i c e  p ro b a b ly  ex tended 
sou thward  th ro u g h  the  low, w id e  sad d le  on th e  wes t  end o f  Cahoon's  H i l l  
t o  d e p o s i t  t h i s  m o ra in e .  The n o r t h  p o r t i o n  o f  t h i s  m ora ine  area has a 
s e r i e s  o f  r i d g e s  and draws t h a t  p a r a l l e l  th e  r i v e r  and a re  p ro b a b ly  th e  
r e s u l t  o f  r e w o rk in g  o f  the  n o r t h  end o f  t h i s  m ora ine  by the  B la c k f o o t  
R i v e r .
The n o r th e rn m o s t  sm a l l  t e r r a c e  i s  a p o r t i o n  o f  the  Bear Creek F l a t  
t e r r a c e  d is c u s s e d  above.
To th e  w es t  s i d e  o f  th e  low m o ra in a l  h i l l  a s m o o th -s u r fa c e d  t e r r a c e  
is  found  two l e v e l s  above th e  modern r i v e r .  T h is  t e r r a c e ,  c u t  i n t o  the  
o l d  h ig h  t e r r a c e ,  is  in  th e  form o f  a b road  a r c  t h a t  appears t o  be a 
c o n t i n u a t i o n  o f  th e  C le a r w a te r  R i v e r  V a l l e y .  The age o f  t h i s  t e r r a c e  
is  e s t im a te d  t o  be o f  th e  i n t e r s t a d e  f o l l o w i n g  the  " E a r l y  P in e d a le " .
The lo w e s t  t e r r a c e  a lo n g  th e  r i v e r  on the  e a s t  is  about tw e n ty  f e e t  
above th e  p r e s e n t  r i v e r  bed.  T h is  t e r r a c e  is  c h a r a c t e r i z e d  by the  
p resence  o f  l a r g e  b o u ld e rs  t h a t  s ta n d  above i t s  genera l  s u r f a c e .  I t  is  
th o u g h t  t h a t  the se  b o u ld e rs  were l e f t  in  p la c e  by the w a te rs  o f  the  
p o s t - " M i d d l e  P in e d a le "  m e l t  w a te rs  t h a t  c u t  t h i s  t e r r a c e .
The B l a c k f o o t  R i v e r ,  be low th e  E -B a r -L  Ranch, swings toward  the  
w e s t  a c ro ss  th e  s o u th e rn  p o r t i o n  o f  N in e m i le  P r a i r i e .  The s o u th e rn
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bank o f  the  B l a c k f o o t  R i v e r  f o r  about  a m i l e  is  a t r a c h y t e  p o rp h y ry  d i k e .
A s m a l l  t r i a n g u l a r  h i l l  composed o f  B e l t  S e r ie s  ro c k s ,  the  to p  o f  
w h ic h  is  o c c u p ie d  by a lo o k o u t  tow e r ,  ends a low r i d g e  s e p a r a t i n g  the  
E l k  C reek d r a in a g e  on th e  s ou th  and the  B la c k f o o t  V a l l e y  t o  th e  n o r t h .
The n o r t h  fa c e  o f  t h i s  sm a l l  h i l l  drops toward the  B la c k f o o t  R i v e r  in  a 
s e r i e s  o f  two t e r r a c e s ,  th e  upper c u t  in  bed rock  and the  lower c u t  in  
u n c o n s o l i d a te d  m a t e r i a l .  These were p ro b a b ly  c u t  by m e l t  w a te r  f o l l o w i n g  
th e  two " P i n e d a l e "  advances.
The low up la nd  between the  B la c k f o o t  and the  C le a r w a te r  R iv e rs  is  
known l o c a l l y  as Cahoon's  H i l l .  I t  i s  about  f o u r  square m i le s  in  a rea  
and is  composed o f  P re-Cambr ian  B e l t  S e r ie s  rocks veneered w i t h  t i l l .
The h i l l  r i s e s  700 f e e t  from B lan ch a rd  F l a t s  t o  an e l e v a t i o n  o f  4535 
f e e t .  The s o u th  fa c e  o f  t h i s  h i l l  is  a s e r i e s  o f  c l i f f s .  There  a re  two 
b e l t s  o f  m o ra ine  on Cahoon's  H i l l ,  The lower  band cove rs  the  n o r t h  s i d e  to  
an e l e v a t i o n  o f  about  4400 f e e t .  T h is  b e l t  is  c h a r a c t e r i z e d  by s te e p ­
s id e d  p i l e s  o f  d e b r i s  w i t h  s t r o n g  knob and k e t t l e  f o r m a t i o n .  The upper 
band is  more subdued, and a deeper s o i l  p r o f i l e  e x i s t s .  The sm oothe r-  
s u r fa c e d  m ora ine  ex tends  t o  th e  edges o f  the  c l i f f s .  The d ra in a g e  p a t t e r n  
on Cahoon's H i l l  i s  complex .  In the  c e n t e r  p o r t i o n  o f  the  lower rugged 
m o ra ine  a r e a ,  an i n t e r n a l  d ra in a g e  p a t t e r n  leads i n t o  two la r g e  k e t t l e  
l a k e s .  The d ra in a g e  on th e  n o r t h  s id e  o f  the  h i l l  i s  i r r e g u l a r  in  fo rm ,  
g e n e r a l l y  n o r th w a rd  downs lope around h ig h s  and th rou g h  lows o f  the  knobby 
m o ra in e .  On th e  sou th  s i d e ,  t h r e e  r a t h e r  deep g u l l i e s  have been c u t  
th ro u g h  th e  subdued m o ra ine  t o  be d ro ck .  They a re  f l o o r e d  w i t h  w a t e r -
rounded e r r a t i c  c o b b le s .  A t  th e  bases o f  the  two e a s te rn  g u l l i e s ,  fans  
have been b u i l t .  The heads o f  these  g u l l i e s  lead i n t o  the  rough hummocky 
m o ra in e  a r e a .  The a rea  p r e s e n t l y  d r a in e d  by these  g u l l i e s  does not
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appear  s u f f i c i e n t l y  l a r g e  t o  s u p p o r t  th e  s treams t h a t  wou ld have c u t  th e  
g u l l i e s .
A g e n e t i c  e x p la n a t i o n  f o r  th e  Cahoon's  H i l l  m ora ine  demands a t  l e a s t  
two advances o f  i c e  i n  th e  a re a .  The subdued m o ra in e ,  w i t h  i t s  deeper 
s o i l  p r o f i l e ,  t h a t  cove rs  the  upper p o r t i o n  t o  the  edge o f  t h e  c l i f f  
p r o b a b ly  re p re s e n ts  an e a r l y  o r  " B u l l  Lake"  advance o f  the  ice  t h a t  
c o m p le te l y  cove red  the  h i l l  mass. The s teepness o f  th e  c l i f f s  may be 
e x p la in e d  by p l u c k i n g  o f  th e  o v e r - r i d i n g  i c e .
The l o w e r ,  more n o r t h e r l y  b e l t  o f  m o ra ine  sugges ts  a l a t e r  advance 
o f  " E a r l y  P in e d a le "  age t h a t  s topped  s h o r t  o f  the  c r e s t  o f  the  h i l l .  The 
s e v e ra l  g u l l i e s  c u t  th ro u g h  the  o l d e r  m ora ine  t o  bed ro ck  a re  th o u g h t  t o  
be outwash channe ls  eroded by m e l t  w a te rs  d r a i n i n g  from th e  t e r m in a l  
m o ra in e  o f  th e  " E a r l y  P in e d a le "  advance.  The amount o f  m ora ine  and 
depth  o f  th e  g u l l i e s  sugges t  a p ro lo n g e d  p e r i o d  o f  o c c u p a t io n  by g l a c i e r  
i c e  in  th e  a re a .
A ld e n  (1953» p . 89) d e s c r ib e d  th e  p re -W is c o n s in  o r  " B u l l  Lake"  t e r ­
m in a l  m o ra ine  o f  th e  C le a r w a te r  G l a c i e r  as " p o o r l y  d e f i n e d . "  In an 
e f f o r t  t o  l o c a t e  th e  a p p ro x im a te  p o s i t i o n  o f  the  te r m in a l  m o ra ine  and 
thus the  e x t e n t  o f  the  " B u l l  Lake"  advance,  a d e t a i l e d  s te re o s c o p e  
e x a m in a t io n  o f  a e r i a l  pho tographs  o f  th e  area sou th  o f  th e  B la c k f o o t  
R i v e r  was made. Seve ra l  l i k e l y  l o c a t i o n s  were observed  sou th  and e a s t  
o f  E l k  C reek .  The remnant o f  d e b r i s  lo c a te d  on the  n o r th  s id e  o f  the  
r i d g e  o n e - t h i r d  m i l e  NE o f  th e  j u n c t i o n  o f  Cap W a l lace  Gulch and E l k  
Creek was c o n f i rm e d  by t h i s  a u th o r  as b e in g  m o ra in e .  Here s e v e ra l  acres 
o f  m o d e r a te l y  smooth m ora ine  a re  lo c a te d  a few hundred ya rds  be low the  
c r e s t  o f  a r i d g e  o v e r l o o k in g  Cap W a l la c e  G u lch .  The area  between th e
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c r e s t  and th e  susp ec te d  t e r m in a l  m ora ine  appears devo id  o f  m o ra in e .
There  a re  two sm a l l  k e t t l e  lakes  t h a t  a re  n e a r l y  bogs as a r e s u l t  o f  
v e g e t a t i o n  f i l l .  The s o i l  p r o f i l e  i s  w e l l  deve loped .  There  a re  numerous 
e r r a t i c  b o u ld e rs  in  th e  m ora ine  a re a ,  some o f  wh ich  a re  s t r i a t e d  ( F i g ­
u re  20) .
C o n s id e r i n g  t h a t  t h i s  remnant o f  o l d  m ora ine  is  lo c a te d  a t  an 
e l e v a t i o n  o f  4200 f e e t  and is  f o u r  and o n e - h a l f  m i l e s  sou th  o f  the  modern 
C le a r w a t e r - B 1a c k f o o t  R i v e r  j u n c t i o n ,  th e  th ic k n e s s  o f  th e  " B u l l  Lake" 
C le a r w a te r  G l a c i e r  can a t  l e a s t  be v i s u a l i z e d  as b e ing  a p p ro x im a te ly  700 
f e e t  deep a t  th e  p re s e n t  C le a r w a t e r - B 1a c k f o o t  R i v e r  j u n c t i o n .
The sm a l l  s i z e  o f  t h i s  m ora ine  remnant,  the  o v e r a l l  t h i c k n e s s  b e ing  
p r o b a b ly  le ss  than  f i f t y  f e e t ,  and th e  la c k  o f  outwash fe a tu r e s  beyond 
th e  m o ra in e ,  sugges t  t h a t  some o f  the  ic e  o f  t h i s  maximum advance was 
c u t  o f f  and s t r a n d e d .  Two fo r c e s  were p re s e n t  in  th e  area t h a t  c o u ld  have 
accom p l ished  t h i s ,  the  a n c ie n t  B la c k f o o t  R i v e r  and the  r i s i n g  w a te rs  o f  
G l a c i a l  Lake M is s o u la .  The B la c k f o o t  R i v e r ,  a f t e r  i t  had been dammed 
and d i v e r t e d  by th e  i n i t i a l  " B u l l  Lake"  C le a rw a te r  G l a c i e r  advance, wou ld  
have sough t  a r o u te  a roun d ,  o v e r ,  o r  th rou g h  th e  g l a c i e r .  A r o u te  around 
a p o r t i o n  o f  th e  g l a c i e r  has been d is c u s s e d .  From th e  e x i t  o f  the  gorge 
between Cahoon's  H i l l  and Ba ldy  M oun ta in  the  a n c ie n t  B la c k f o o t  R i v e r  c o u ld  
c o n c e i v a b l y  have become a s u p e r g l a c i a l  s t ream and re ga in ed  i t s  fo rm e r  
channe l  in  the  west  end o f  the  N in e m i le  P r a i r i e .  A v ig o ro u s  s u p e r g l a c i a l  
s t ream  fe d  by m e l t  w a te r  and r u n o f f  from th e  la rg e  b a s in  o f  the a n c ie n t  
B l a c k f o o t  R i v e r  c o u ld  have c u t  o f f  and thus i s o l a t e d  the  s o u th e rn  p o r t i o n  
o f  t h i s  lobe  o f  th e  g l a c i e r  t h e re b y  cau s ing  a l o c a l  r e c e s s io n .  The i n ­
f l u e n c e  o f  th e  r i s i n g  l e v e l  o f  G l a c i a l  Lake M is s o u la  a long  the  w e s te rn
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F ig u r e  20 The upper  pho to  shows one o f  the  sm a l l  k e t t l e
lakes  in  " B u l l  Lake"  m o ra ine  1/3 m i l e  NE o f  the  j u n c t i o n
o f  Cap W a l la c e  Gulch and E l k  Creek.
The low er  ph o to  shows a s t r i a t e d  e r r a t i c  b o u ld e r  found
in  th e  v i c i n i t y  o f  la ke  above. (Photos by a u t h o r . )
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f l a n k  o f  th e  " B u l l  Lake"  C le a r w a te r  G l a c i e r  wou ld  p r o b a b ly  have had a 
r e d u c in g  e f f e c t  on t h a t  p o r t i o n  o f  the g l a c i e r  by c a l v i n g  o f  bergs i n t o  
th e  l a k e ,  A reduced w es t  f l a n k  w ou ld  have taken p re s s u re  o f f  o f  the  
s o u th e rn  to e  o f  th e  g l a c i e r  and c o u ld  have caused a l o c a l  re c e s s io n  o f  
th e  i c e  in  th e  s o u th .
C. The C le a r w a te r  V a l l e y  ^
Only  t h a t  p o r t i o n  o f  th e  C le a r w a te r  V a l l e y  from Salmon Lake t o  th e  
B l a c k f o o t  R i v e r  is  d is c u s s e d  in  t h i s  s e c t i o n .
South  f o r  s e v e ra l  m i l e s  f rom  the  end o f  Salmon Lake t h e re  is  a 
na r row  b e l t  o f  s te e p  hummocky m ora ine  c o n f in e d  by h ig h e r  h i l l s  o f  B e l t  
S e r ie s  r o c k s .  The m o ra ine  appears t o  have been d e p o s i te d  by ic e  coming 
f rom  b o th  th e  Salmon Lake a rea  t o  th e  n o r t h  and from L o s t  P r a i r i e  Creek 
to  the  n o r t h w e s t .  The name Elbow Lake M ora ine  i s  used in  t h i s  s tu d y  to  
I d e n t i f y  t h i s  m o ra in e ,
Montana Highway 209 sou th  from Salmon Lake c l im b s  th rou g h  the  n o r th  
s id e  o f  th e  Elbow Lake M ora ine  t o  a p o i n t  near  i t s  c r e s t .  Here the  
h ighway f o l l o w s  an u n i n t e r r u p t e d  outwash p l a i n  s l o p in g  g e n t l y  southward 
f o r  f o u r  m i le s  t o  the  C le a r w a te r  J u n c t i o n  ( F ig u r e  17) .  To the  west  o f  
Highway 209 s e v e ra l  a l l u v i a l  t e r r a c e s  a re  c u t  in  t h i s  outwash p l a i n .
The C le a r w a te r  R i v e r  is  th o u g h t  by Beaty  (1962) t o  have c u t  as many as 
seven o r  e i g h t  matched t e r r a c e s  in  t h i s  g l a c i a l  outwash to  reach i t s  
p r e s e n t  co u rse  about  150 f e e t  be low th e  l e v e l  o f  the outwash p l a i n .  
These t e r r a c e  l e v e l s  a re  th o u g h t  by Beaty  to  have been c o n t r o l l e d  by 
s u c c e s s i v e l y  lower l e v e l s  o f  a w i th d r a w in g  G l a c i a l  Lake M is s o u la .
The outwash p l a i n  o f  th e  Elbow Lake M ora ine  is  v e r y  e x te n s i v e  and 
can be seen on the  w es t  s i d e  o f  the  v a l l e y .  The s u r f a c e  ex tends i n t o
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th e  low er  end o f  th e  L o s t  Horse Creek V a l l e y .
The C le a r w a te r  R i v e r  f l o w s  th rough  the  Elbow Lake M ora ine  and across  
th e  low er  end o f  B la n ch a rd  F l a t s ,  c o n n e c t in g  s e v e ra l  lakes  and d e p re ss io ns  
in  i t s  c o u rs e .  Some o f  th e s e ,  H a r p e r ' s  Lake and two unnamed lakes  one-  
h a l f  m i l e  n o r t h ,  a re  n o t  p a r t  o f  t h i s  c h a in  a t  p re s e n t  bu t  may have been 
so in  th e  p a s t .
To th e  e a s t  o f  H a r p e r ' s  Lake,  ac ross  the  h ighway,  a l a r g e  de p re s ­
s io n  o f  abou t  t w e n t y - f i v e  acres  in  area is  fou nd .  The b r a id e d  p a t t e r n  
o f  th e  outwash p l a i n  and the  genera l  s u r f a c e  o f  w a te r - ro u n d e d  cobb les
appears t o  lead  i n t o  t h i s  d e p re s s io n  ( F ig u r e  16 ) .
The outwash p l a i n  o f  the  Elbow Lake M ora ine  p ro b a b ly  covered  o r  
s u r rou nded  s t ra n d e d  ic e  b l o c k s .  The l a t e r  m e l t i n g  o f  t h i s  i c e  formed 
th e s e  lakes  and de p re s s io n s  by c o l l a p s e .
To th e  e a s t  o f  Highway 209 th e  r a t h e r  l e v e l  s u r f a c e  o f  the  Elbow 
Lake outwash p l a i n  ends a b r u p t l y  a t  th e  base o f  a s c a r p - l i k e  b l u f f .
T h is  b re a k  in  s lo p e  is  about  100 t o  150 f e e t  h i g h .  The ro ck  exposed in
th e  fa c e  o f  the  s e v e ra l  c l i f f s  is  g e n e r a l l y  Pre-Cambr ian B e l t  S e r i e s .
There  is  one sm a l l  b l o c k  o f  t i l t e d  T e r t i a r y  sed iments  l y i n g  a d ja c e n t  
t o  t h i s  ge ne ra l  l i n e  o f  b l u f f  t h a t  runs f rom the  south  end o f  Salmon
Lake t o  th e  edge o f  the  B l a c k f o o t  R i v e r  gorge a t  the  Powel l  County  l i n e
(F i gu re  16 ) .
The s u r f a c e  above th e  b re a k  in  s lo p e  r i s e s  g e n t l y  t o  the  e a s t ,  t o
the  d i v i d e  between the  C le a r w a te r  V a l l e y  and Cottonwood Creek,  The
s u r f a c e  o f  t h i s  a rea  is  veneered w i t h  f l u t e d  t i l l .  The lower p o r t i o n
has a less  subdued s u r f a c e  p a t t e r n  than the  upper s lo p e s .  There are
s e v e r a l  k e t t l e  lakes  in  t h i s  t i l l  a re a .  The d i r e c t i o n a l  t r e n d  o f  the  




F ig u r e  21 T h is  o b l i q u e  a e r i a l  ph o to  was taken j u s t  n o r th  
o f  Highway 20 and about one m i l e  west  o f  th e  M Îs s o u la -P o w e l1 
County l i n e .  Note the  f l u t e d  p a t t e r n  o f  the  m o ra ine .  The 
s o u th e a s t  d i r e c t i o n  o f  g l a c i e r  i c e  movement is  i n d i c a t e d  by 
th e  long  a r ro w s .  The b o ld  dashed l i n e  sep a ra tes  th e  o l d e r ,  
more subdued upper  p a r t  o f  ground m ora ine  f rom the  you nge r ,  
low er  p o r t i o n  as m en t ioned  on page 58. (Pho to  by a u t h o r . )
60
The low er  C le a r w a te r  V a l l e y ,  from Highway 20 t o  the  B la c k f o o t  R i v e r ,  
is  q u i t e  d i f f e r e n t  in  appearance from th e  broad B lancha rd  F l a t s .  Here 
th e  r i v e r  i s  c o n f i n e d  t o  a na rrow  v a l l e y  f l o o r  about o n e - t h i r d  m i l e  
w id e  a t  i t s  b r o a d e s t .  The e a s t  bank r i s e s  th roug h  a s e r i e s  o f  low 
m o ra in e  knobs on th e  lower s lo p e s  o f  Cahoon's H i l l  t o  th e  s te e p e r  P re -  
Cambrian ro c k  s lo p e s  near  th e  c r e s t  o f  the  h i l l .
The wes t  bank o f  t h e  C le a r w a te r  R iv e r  l i e s  be low an a l l u v i a l  t e r r a c e  
formed near  th e  mouth o f  B lanch a rd  Creek .  West o f  t h i s  i s  the  l a t e r a l  
m o ra ine  o f  th e  " E a r l y  P in e d a le "  advance. Near the  mouth o f  the  C le a r w a te r ,  
th e  m ora ine  r i d g e  r i s e s  s t e e p l y  f o r  two hundred and f i f t y  f e e t .
M o rp h o lo g ic  f e a t u r e s  In the  C le a r w a te r  V a l l e y  r e f l e c t  a t  l e a s t  two 
advances o f  g l a c i a l  i c e  and the  outwash o f  th e  Elbow Lake M o ra ine .  The 
f l u t e d  p a t t e r n s  h ig h  on th e  s lop es  e a s t  o f  the  C le a r w a te r  R iv e r  a re  
th o u g h t  t o  be " B u l l  Lake"  in  age, j u d g i n g  from t h e i r  h ig h  to p o g ra p h ic  
p o s i t i o n ,  deep s o i l  p r o f i l e ,  and subdued s lo p e s .  The lower  band o f  
f l u t e d  t i l l  r e p re s e n ts  th e  " E a r l y  P in e d a le "  advance t o  the  B l a c k f o o t .
The m o ra in e  r i d g e  west  o f  the  mouth o f  th e  C le a r w a te r  R iv e r  i s  made up 
o f  " B u l l  Lake"  m ora ine  in  the  s o u th e rn  and upper p o r t i o n ,  as is  suggested 
by th e  subdued fe a t u r e s  and d e ep ly  wea the red  and c a l i c h e - c o a t e d  e r r a t i c s .  
The n o r t h  p o r t i o n  o f  t h i s  m ora ine  is  th o u g h t  t o  be " E a r l y  P in e d a le "  be­
cause o f  a " f r e s h e r "  appearance o f  th e  s u r f a c e .  The outwash p l a i n  o f  
th e  E lbow Lake M ora ine  t h a t  makes up th e  b u l k  o f  B lanch a rd  F la t s  i s  
t h o u g h t  t o  r e p re s e n t  d e p o s i t i o n  a s s o c ia te d  w i t h  a " M id d le  P in e d a le "  
advance o r  a l a r g e  re c e s s io n a l  s ta g e  o f  th e  " E a r l y  P i n e d a l e . "  The coarse  
n a t u r e  o f  th e  t i l l  i n  th e  Elbow Lake M ora ine  may i n d i c a t e  a readvance 
r a t h e r  than  a r e c e s s io n .
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D. The Woodchuck Canyon-South  F o rk  o f  B lanchard  Creek D ra inage Systems
The Woodchuck Canyon-South  F o rk  o f  B lanch a rd  Creek d ra in a g e  systems 
a re  d is c u s s e d  as a u n i t  because t h e i r  m o rp h o lo g ic  h i s t o r i e s  a re  i n t e r ­
r e l a t e d .  R e f e r i n g  t o  F i g u r e  22, i t  w i l l  be no ted  t h a t  the  South F o rk  o f  
B la n c h a rd  Creek f l o w s  f rom  west  t o  ea s t  t o  j o i n  th e  N o r th  F o rk .  The 
combined B la n c h a rd  Creek then f lo w s  s o u th e a s tw a rd ,  t u r n i n g  a b r u p t l y  
th ro u g h  a na rrow  r o c k - c u t  go rge  on i t s  cou rse  toward  th e  C le a r w a te r  R i v e r .  
Woodchuck Canyon has i t s  head j u s t  sou th  o f  the  South Fo rk  o f  B lanch a rd  
C reek .  From t h i s  p o i n t ,  a t  about  4650 f e e t  e l e v a t i o n ,  th e  canyon t re n d s  
s o u th e a s tw a rd  th ro u g h  a na r ro w  v a l l e y  f o r  about  two and o n e - h a l f  m i l e s .  
Then Woodchuck Canyon swings sou th  f o r  a m i l e  and a q u a r t e r  t o  a p o i n t  
where the  p r e s e n t  canyon f l o o r  passes beneath  a w ind  gap in  the  wes t  can­
yon w a l l .  The low er  e a s t  branch o f  Woodchuck Canyon swings eas tward  
away f rom  th e  w ind  gap b r i e f l y  b e fo r e  head ing  sou th  across  the  le v e l  
s u r f a c e  o f  N in e m i le  P r a i r i e  toward the  B la c k f o o t  R i v e r .  From the  w ind  
gap m en t ion ed  above, an o l d  west  b ranch o f  Woodchuck Canyon leads so u th  
toward  N in e m i le  P r a i r i e .  T h is  o l d  wes t  b ranch leads on t o  th e  apex o f  a 
b road  a l l u v i a l  fan  on N in e m i le  P r a i r i e .
The South F o rk  o f  B la n c h a rd  Creek r i s e s  a p p ro x im a te ly  ten  m i le s  west 
o f  th e  s tu d y  a re a .  The area d ra in e d  by th e  upper p o r t i o n  o f  th e  South 
F o rk  o f  B la n c h a rd  Creek does no t  appear to  have been g l a c i a t e d .  For 
about  t h r e e  m i l e s  west  o f  the  s tu d y  area the  s t ream meanders th rough  a 
v e r y  swampy a rea  b e f o r e  th e  s t ream  is  a b r u p t l y  c lo s e d  i n t o  a narrow  in n e r  
v a l l e y  be low a b road t e r r a c e .  T h is  b road t e r r a c e  s lop e s  ve ry  g e n t l y  down 
s t re a m  and f i l l s  the  v a l l e y  f o r  about  one m i l e .  The t e r r a c e  is  r o u g h ly  
s t r a t i f i e d  and appears t o  have been d e p o s i te d  in w a te r  from a s e r i e s  o f
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-  "V V-''   ^







F ig u r e  22 A s k e tc h  map 
o f  th e  Woodchuck Canyon- 
South  Fo rk  o f  B lanch a rd  
Creek D ra in age  System
Suggested ice  
movement
T race  o f  th e  d e f i n -  
i t e  b re ak  in  s lo p e  
on the  West v a l l e y  




Cuts in  Bedrock 
Cuts in  D r i f t
MILES A L L U V
3900
W/NEMILE PR/A 181 ROUND
63
g u l l i e s  descend ing  f rom a m o ra in e -c o v e re d  r i d g e  t o  the  n o r th  o f  th e  
v a l l e y .  T h is  t e r r a c e  ends in  a s te e p  f r o n t  s e v e ra l  hundred ya rds  b e fo r e  
B la n c h a rd  Creek passes th ro u g h  a na rrow  c u t  in  a r i d g e  o f  m ora ine  t h a t  
curves ac ross  th e  pa th  o f  th e  s t ream  in  an i n v e r t e d  "U "  shape ( F ig u r e  2 3 ) .  
A f t e r  p a s s in g  th ro ug h  the  m ora ine  r i d g e ,  the  South F o rk  o f  B lanchard  
Creek descends i n t o  th e  l a r g e r  v a l l e y  o ccu p ied  by th e  N o r th  Fo rk  o f  
B la n c h a rd  C reek .  The combined B lanch a rd  Creek then f lo w s  g e n e r a l l y  e a s t ­
ward between two r id g e s  o f  B e l t  S e r ie s  be drock  toward th e  C le a rw a te r  
R i v e r .  B e fo re  re a c h in g  the  C le a r w a te r  R i v e r ,  the  s t ream makes an a b ru p t  
r i g h t  a n g le  t u r n  t o  the  sou th  and passes th roug h  a na rrow  gorge about  one 
hundred and f i f t y  f e e t  deep in  s o l i d  B e l t  S e r ie s  b e d ro ck .  A f t e r  pa ss ing  
the  na rrow  go rge ,  B lan ch a rd  Creek aga in  tu r n s  s h a r p l y  eas tward  toward 
th e  C le a r w a te r  R i v e r .  J u s t  down the  v a l l e y  from th e  f i r s t  a b ru p t  r i g h t  
an g le  t u r n  o f  B la n c h a rd  Creek,  a mass o f  knob and k e t t l e  m ora ine  about 
n i n e t y  f e e t  h ig h  dams the  v a l l e y  f l o o r  ( F ig u r e  2 4 ) .
The head o f  Woodchuck Canyon is  j u s t  t o  the  sou th  o f  th e  p o i n t  where 
B la n c h a rd  Creek passes th ro u g h  the  r i d g e  o f  mora ine  a t  an e l e v a t i o n  o f  
4650 f e e t  ( F ig u r e  2 5 ) .  Woodchuck Canyon veers  away from B lancha rd  Creek 
in  a s o u t h e a s t e r l y  d i r e c t i o n .  The sou th  s i d e  o f  th e  " V "  shaped canyon is  
v e ry  s te e p  and r i s e s  about  f o u r  hundred f e e t  up th e  s id e  o f  B lancha rd  
M oun ta in  b e f o r e  a v e ry  d e f i n i t e  b reak  in  s lo p e  o c c u rs .  T h is  b re a k  in  
s lo p e  is  a v e r y  n o t i c e a b l e  f e a t u r e  an̂ d p a r a l l e l s  the  cou rse  o f  Woodchuck 
Canyon t o  N in e m i le  P r a i r i e  by way o f  th e  o l d  west  b ra nch .  Below t h i s  
b re a k  in  s l o p e ,  a u n i f o r m ly  s te e p  fa c e  ex tends f o r  n e a r l y  a m i l e  s o u th ­
e a s t  b e f o r e  e n t e r i n g  an " S "  cu rve  above the  canyon f l o o r  ( F ig u r e  2 5 ) .
The n o r t h  s i d e  o f  the  f i r s t  m i l e  o f  Woodchuck Canyon is  a l s o  q u i t e  s te e p .
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P a r t s  o f  th e  canyon w a l l  a re  B e l t  S e r ie s  bedrock  and appear t o  match 
o u t c r o p s  on the  o p p o s i t e  s i d e  ( F ig u r e  2 6 ) .  Between these t r u n c a t e d  
s p u r s ,  th e  n o r t h  w a l l  appears to  be made up o f  m o ra in a l  m a t e r i a l  as 
e v id e n c e d  by th e  la r g e  numbers o f  s t r i a t e d  e r r a t i c s  found in  these  
p o r t i o n s  o f  th e  n o r t h  v a l l e y  w a l l .
The cou rse  o f  Woodchuck Canyon th roug h  the  " S "  cu rve  appears t o  be 
e n t i r e l y  c u t  th rough  b e d ro c k .  The " V "  shaped canyon w a l l s  a re  q u i t e  
s te e p .  A lo n g  one s i d e  t h e r e  is  an u n d e rc u t  p o r t i o n  s u g g e s t in g  a s t re a m -  
c u t  po t  h o le  w h ich  is  now d r y .  T a lu s  from th e  s te e p  s ide s  has begun t o  
f i l l  th e  bo t tom  o f  th e  s te e p e s t  p o r t i o n  o f  the  " V "  shaped canyon ( F ig u r e  
2 7 ) .
As Woodchuck Canyon c o n t in u e s  t o  th e  sou th  between e q u a l l y  s tee p  
v a l l e y  w a l l s ,  the  canyon f l o o r  be g ins  t o  w iden ou t  j u s t  above the  4200 
f o o t  l e v e l .  As th e  canyon f l o o r  w id e n s ,  th e  s u r f a c e  o f  t h i s  f l o o r  ex ­
h i b i t s  a s e r i e s  o f  low r id g e s  o r  ba rs  o f  cou rse  d e b r i s  t h a t  t r e n d  ro u g h ly  
p a r a l l e l  t o  th e  v a l l e y  f l o o r .  The presence o f  these la rg e  amounts o f  r e ­
worked d e b r i s  a t  t h i s  e l e v a t i o n  suggests  a fo rm er  f l o o d i n g  o f  Woodchuck 
Canyon t o  about  th e  4200 f o o t  l e v e l  by G l a c i a l  Lake M is s o u la .  The 
a n c ie n t  Woodchuck Canyon s t ream  wou ld  have d e p o s i te d  much o f  i t s  coarse  
d e b r i s  in  the  upper  reaches o f  the  l a k e .  Subsequent lo w e r in g  o f  G l a c i a l  
Lake M is s o u la  w ou ld  have r e j u v i n a t e d  the  s tream and exposed the  p r e ­
v i o u s l y  d e p o s i t e d  m a t e r i a l  t o  re w o rk in g  by the  Woodchuck Canyon s t re a m .
Woodchuck Canyon w inds sou thward  and passes be low a w ind  gap some 
s i x t y  f e e t  above th e  canyon f l o o r .  T h is  w ind  gap re p re s e n ts  th e  head o f  
an o l d  w es t  b ranch  o f  Woodchuck Canyon wh ich  c o n ta in s  a d r y  s t ream bed 
w i t h  a h e a v i l y  b r a id e d  and b o u ld e r - s t r e w n  cou rse  t h a t  leads down a s h o r t
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F ig u r e  23 T h is  low o b l i q u e  pho to  shows th e  South Fo rk  o f  
B la n c h a rd  Creek west  o f  the  head o f  Woodchuck Canyon. The 
South  Fo rk  o f  B la n ch a rd  Creek e n te rs  th e  photo  a t  "A "  and f lo w s  
ea s tw a rd  t o  " B " , where i t  f lo w s  n o r th e a s tw a rd  t o  j o i n  the  N o r th  
F o r k .  Woodchuck Canyon heads near  "C "  and f lo w s  sou the a s tw a rd  
toward  " D " . Note the  b road " T e r r a c e " ,  ment ioned on page 63, 
and how i t  ends a b r u p t l y  s e v e ra l  hundred yards  in  f r o n t  o f  the  
m o ra ine  dam, emphasized in  y e l l o w .  T h is  m ora ine  is  breached 
a t  " E "  by B la n ch a rd  C reek ,  (Pho to  by a u t h o r . )
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F ig u r e  24 T h is  o b l i q u e  pho to  shows the  r i g h t  ang le  
bends o f  B la n c h a rd  Creek,  m ent ioned on page 6 3 . Note 
the  f l u t e d  p a t t e r n  in  th e  m o ra in e .  The d i r e c t i o n  o f  ice  
movement f rom the  n o r th w e s t  is  i n d i c a t e d  by th e  long 
a r ro w s .  As the  g l a c i e r  moved sou the as tw a rd  ove r  Ridge "A "  
i t  d e p o s i te d  a la r g e  q u a n t i t y  o f  ground m o ra in e ,  fo rm in g  a 
dam, emphasized in  y e l l o w ,  t h a t  d i v e r t e d  B lanchard  Creek 
th ro u g h  R idge "B**, as d isc u s s e d  on page 63* (Pho to  by 
a u t h o r . )
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F ig u r e  25 T h is  a e r i a l  o b l i q u e  was taken l o o k in g  ea s t  
down the  " V "  shaped upper p o r t i o n  o f  Woodchuck Canyon,
The South Fo rk  o f  B la n ch a rd  Creek e n te r s  the  pho to  a t  " A " ,  
passes th rou g h  th e  breached m o ra ine ,  emphasized in  y e l l o w ,  
a t  ” B " - ' 'C "  and j o i n s  the  N o r th  Fo rk  a t  " D " ,  Woodchuck 
Canyon heads a t  " E "  and e n te r s  th e  "S'* c u rve  a t  " F " .  Note 
th e  b re a k  in  s lo p e  on the  sou th  s id e  o f  Woodchuck Can­
yon and how i t  f o l l o w s  around the  "S "  c u rv e .  Note a l s o  
th e  s t r a i g h t  sou th  v a l l e y  w a l l .  On th e  n o r th  s i d e  o f  
Woodchuck Canyon th e  more r e s i s t a n t  B e l t  S e r ie s  t r u n c a te d  
spu rs  s ta n d  o u t  as a t  "G"  and " H " .  (Pho to  by a u t h o r . )
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F ig u r e  26 T h is  ph o to  shows the  upper p o r t i o n  
o f  Woodchuck Canyon lo o k in g  west  from above the 
" S "  c u r v e .  Note a t  p o in t s  " A " ,  " B " ,  and "C "  how 
th e  r e s i s t a n t  B e l t  S e r ie s  be drock  remains prom­
i n e n t l y  exposed.  The i n t e r v e n i n g  p a r t s  o f  the  
r i d g e  le a d in g  down the  r i g h t  hand p o r t i o n  o f  the  
p h o to  a re  composed o f  g l a c i a l  d e b r i s  c o n t a i n i n g  
s t r i a t e d  e r r a t i c s .
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v a l l e y  t o  N in e m i le  P r a i r i e .  From t h i s  p o i n t  as an apex, an e x te n s i v e  
a l l u v i a l  fa n  spreads o u t  on N in e m i le  P r a i r i e  ( F ig u r e  2 8 ) .  T h is  fan  is  
composed o f  p o o r l y  s o r t e d  outwash w i t h  some b o u ld e rs  t h re e  to  f i v e  f e e t  
in  d ia m e te r .  I t  i s  laced  w i t h  many d ry  channe ls  r a d i a t i n g  from the  
apex .  The modern e a s t  b ranch  o f  Woodchuck Canyon swings e a s t  away from 
th e  w in d  gap toward  Montana Highway 20.  B e fo re  e n t e r i n g  N in e m i le  
P r a i r i e ,  Woodchuck Canyon a g a in  w inds  th ro ug h  a s te e p - s id e d  " S "  shaped 
go rge  in  B e l t  S e r ie s  b e d ro c k .  From t h i s  gorge i t  leads s o u th  t o  the  
B l a c k f o o t  R i v e r  th rou g h  a b road g u l l y  some tw en ty  f e e t  be low th e  le v e l  
o f  N in e m i le  P r a i r i e .  The f l o o r  o f  the  b road g u l l y  has a b r a id e d  d r a i n ­
age p a t t e r n  ( F i g u r e  13 & F ig u r e  2 9 ) .
The r i d g e  between Woodchuck Canyon and B lancha rd  Creek V a l l e y  r i s e s  
s l o w l y  f rom  the  m ora ine  breached by B lancha rd  Creek.  The r i d g e  c o n t in u e s  
t o  r i s e  g r a d u a l l y  t o  a p o i n t  420 f e e t  above the  "S "  c u r v e .  From t h i s  
h ig h  p o i n t  i t  t a p e rs  o f f  t o  a p o i n t  o p p o s i t e  th e  w ind  gap. There  a re  
s e v e ra l  low no tches in  t h i s  r i d g e  t h a t  a re  f l o o r e d  by g l a c i a l  d r i f t  con­
t a i n i n g  s t r i a t e d  e r r a t i c  b o u ld e r s .  The p o s i t i o n  o f  these no tches and th e  
t r e n d  o f  th e  m o ra ine  b e l t  t o  the  e a s t  suggests  e a r l y  g l a c i a l  movement, 
t h ro u g h  these  no tches  from the  n o r t h  i n t o  Woodchuck Canyon. Severa l  o f  
th e  h ig h  p o i n t s  a lo ng  t h i s  r i d g e  match up w i t h  t r u n c a t e d  spurs  on th e  
o p p o s i t e  s id e  o f  Woodchuck Canyon.
A g e n e t i c  e x p l a n a t i o n  o f  the  Woodchuck Canyon-South F o rk  o f  B lanch a rd  
Creek d r a in a g e  systems in v o lv e s  c o n s i d e r a t i o n  o f  two g l a c i a l  advances 
and r e c o g n i t i o n  o f  th e  e r o s i v e  c a p a c i t y  o f  a g l a c i e r  m a rg in a l  s t re am .
The maximum lo c a l  advance o f  the  " B u l l  Lake"  C le a r w a te r  G la c i e r  up the  
n o r t h  fa c e  o f  B la n ch a rd  M o un ta in  was p r o b a b ly  to  an e l e v a t i o n  o f  about
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F ig u r e  27 The upper pho to  shows the  bo t tom  o f  th e  "S "  curve  o f  
Woodchuck Canyon as seen f rom  the  n o r t h .  Note t a l u s  a ccu m u la t ion  
a t  " A "  f i l l i n g  th e  "V *  shaped canyon bo t to m .
The low er  ph o to  shows Woodchuck Canyon lo o k in g  sou th  from the  r i d g e  
s e p a r a t i n g  i t  f rom B la n ch a rd  Creek.  Note the  b reak  in  s lo p e  o f  th e  
w es t  v a l l e y  w a l l  a t  " B "  as i t  drops s h a r p l y  i n t o  Woodchuck Canyon.
S t r i a t e d  e r r a t i c  cobbles  
t r e e  in the  fo re g ro u n d .
a re  found in  the  s o i l  
(Photos by a u t h o r . )







F ig u r e  28 T h is  v e r t i c a l  a e r i a l  photo  shows the  a l l u v i a l  fan  on N in e -  
m i l e  P r a i r i e ,  o u t l i n e d  in  y e l l o w .  The d ry  b r a id e d  stream bed, in  b lu e ,  
i s  lo c a te d  between the  Wind Gap and the  apex o f  the  fan  a t  “ A " .  The 
p r e s e n t  l o c a t i o n  o f  the Round Up Bar and Highway 20 are  i n d i c a t e d  on 
t h i s  1938 ph o to .  Note th e  cou lee  occup ied  by the  Woodchuck Canyon 
s t re a m ,  o u t l i n e d  in  g reen .  (Source o f  pho to  U.S. F o re s t  S e rv ic e  #BPA-
38-13 d td  9 - 16- 3 8 . )
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F ig u r e  29 T h is  o b l i q u e  a e r i a l  pho to  was taken 
lo o k in g  n o r t h  up Woodchuck Canyon. Note the  
b r a id e d  s t ream p a t t e r n  on th e  f l o o r  o f  the  cou lee  
a t  " A " .  G l a c i a l  Lake M is s o u la  s h o r e l i n e s  a re  
shown emphasized in  y e l l o w  near  " B "  and " C " . (Pho to  
by a u t h o r . )
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5100 f e e t .  A long  a c o n to u r  a t  t h i s  e l e v a t i o n  t h e r e  is  a v e ry  n o t i c e ­
a b le  b re a k  in  s lo p e  o f  the  m oun ta in  as i t  drops s t e e p l y  i n t o  Woodchuck 
Canyon. The t r a c e  o f  t h i s  b rea k  in  s lo p e  as i t  p a r a l l e l s  the  descend­
ing Woodchuck Canyon t o  N in e m i le  P r a i r i e  is  tho u g h t  t o  r e p re s e n t  the  
m a rg in  o f  th e  " B u l l  Lake"  C le a r w a te r  G l a c i e r  in  t h i s  west p o r t i o n  o f  the  
s tu d y  a r e a .  A g l a c i e r  m a rg in a l  s t ream was p r o b a b ly  e s t a b l i s h e d  a long  
t h i s  w e s te rn  edge by w a te rs  descend ing  from th e  u n g la c ia t e d  upper B la n ­
cha rd  Creek d r a in a g e  and from o t h e r  s treams in  nearby areas whose lower 
cou rses  were dammed and d i v e r t e d  by the  g l a c i e r .  Once e s t a b l i s h e d ,  
t h i s  g l a c i e r  m a rg in a l  s t ream wou ld  have channe led  o f f  m e l t  w a te rs  a long  
the  g l a c i e r  f l a n k  d u r i n g  annual  p e r io d s  o f  a b l a t i o n .  Dur ing  the 
r e c e s s io n  o f  th e  " B u l l  Lake"  C le a rw a te r  G l a c i e r  even l a r g e r  q u a n t i t i e s  
o f  m e l t  w a te r  p r o b a b ly  f lo w e d  in  the  g l a c i e r  m a rg in a l  s t ream u n t i l  such 
t im e  as an i c e  f i l l e d  lower  channel  in  about  the  p re s e n t  cou rse  was un­
cove red  and c a p tu re d  th e  f l o w  in  th e  o l d  wes t  b ra nch .  F l i n t  (1957, 
p .  168) c i t e s  an example o f  a sm a l l  modern A laskan  g l a c i e r  m a rg in a l  s t ream 
c u t t i n g  a channel  45 f e e t  w ide  and 25 f e e t  deep across r e s i s t a n t  be d rock  
in  a s i x  y e a r  p e r i o d .  Judg ing  f rom t h i s  modern example i t  i s  p o s s ib l e  
t h a t  th e  g l a c i e r  m a rg in a l  s t ream  proposed h e re  cou ld  have c u t  Woodchuck 
Canyon d u r i n g  " B u l l  Lake"  p e r i o d .
D u r in g  th e  " E a r l y  P in e d a le "  advance a sma l l  sub lobe  o f  ice  e n te re d
the  v a l l e y  o f  th e  South F o rk  o f  B la n ch a rd  Creek.  T h is  sub lobe  dammed
and d i v e r t e d  the f lo w  o f  B lanchard  Creek in t o  the head o f  the a d ja c e n t
Woodchuck Canyon. The h e ig h t  o f  the  moraine dam, now breached ,  suggests
the  p o s s ib le  fo r m a t io n  o f  a la r g e  p r o - g l a c i a l  la k e .  The g l a c i e r  t h a t  
d e p o s i te d  the m ora ine  on the r id g e  to  the  north  o f  the  South Fork  o f  
B la n c h a rd  Creek s u p p l ie d  the  t e r r a c e  m a t e r i a l  as outwash down the  s e v e ra l
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g u l l i e s  l e a d in g  f rom  th e  m ora ine  t o  th e  t e r r a c e .  The o v e r f l o w  from t h i s  
p r o - g l a c i a l  la k e  was d i v e r t e d  i n t o  Woodchuck Canyon u n t i l  such t im e  as the  
m o ra in e  dam was b reach ed .  The f i e l d  ev id en ce  does no t  i n d i c a t e  a c l e a r  
enough sequence o f  even ts  t o  da te  a b re a c h in g  o f  t h i s  m ora ine  dam across  
the South  Fo rk  o f  B lan ch a rd  Creek.
The e ve n ts  t h a t  caused B lanch a rd  Creek t o  t u r n  and c u t  th rough  
a b e d rock  s p u r  p r o b a b ly  too k  p la c e  d u r in g  and a f t e r  the  re c e s s io n  o f  th e  
" E a r l y  P in e d a le "  advance.  T h is  is  suggested by the  s teepness o f  the  knob 
and k e t t l e  f e a t u r e s  found in  th e  m ora ine  dam j u s t  ea s t  o f  the  f i r s t  r i g h t  
a ng le  bend.  The ge ne ra l  f l u t e d  p a t t e r n  sugges ts  t h a t  t h i s  dam was 
formed o f  l a t e r a l  m o ra ine  d e p o s i te d  as the  ic e  o f  the " E a r l y  P in e d a le "  
advance moved a t  n e a r l y  r i g h t  ang les  ac ross  th e  r id g e s  ( F ig u r e  2 4 ) .  That  
B la nch a rd  Creek was competent  t o  c u t  t h i s  na r row  gorge t o  i t s  p re s e n t  
l e v e l  is  sugges ted  by th e  la r g e  s i z e  o f  the  b o u ld e rs  (18 t o  24 inches in  
d ia m e te r )  in  the  a l l u v i a l  t e r r a c e s  found near  i t s  mouth.
The s i g n i f i c a n c e  o f  the  t i l l  found in  the  f l o o r  o f  s e v e ra l  no tches 
in  th e  r i d g e  between Woodchuck Canyon and the  South Fo rk  o f  B lanchard  
Creek is t h a t  i t  o f f e r s  e v id e n c e  o f  the  p r o b a b le  movement o f  s e v e ra l  sub­
lobes o f  the  " E a r l y  P in e d a le "  C le a r w a te r  G l a c i e r  i n t o  Woodchuck Canyon. 
These lobes w ou ld  have coa lesce d  i n t o  a sma l l  Woodchuck Canyon v a l l e y  
g l a c i e r  t h a t  f o l l o w e d  the  o l d  cou rse  o f  Woodchuck Canyon i n t o  i t s  west  
b ra n c h .  T h a t  th e  Woodchuck Canyon g l a c i e r  p r o b a b ly  h a l t e d  t h e re  is  sug­
g es ted  by th e  presence o f  s e v e ra l  t r u n c a t e d  loops o f  m ora ine  on the  
e a s t  s lo p e  o f  th e  o l d  west  b ranch o f  Woodchuck Canyon. T h is  Woodchuck 
Canyon p o r t i o n  o f  th e  " E a r l y  P in e d a le "  advance was no t  f a r  beyond th e  
m a in  t e r m in a l  m o ra in e .  The main " E a r l y  P in e d a le "  C le a r w a te r  t e r m in a l
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m o ra in e  i s  found a lo ng  th e  c r e s t s  o f  the  two h i l l s  lo c a te d  on bo th  s id e s  
o f  th e  modern Woodchuck Canyon-Highway 20 i n t e r s e c t i o n  ( F ig u r e  2 2 ) .  As 
th e  r e c e s s io n  o f  th e  " E a r l y  P in e d a le "  advance began, th e  q u a n t i t y  o f  m e l t  
w a te r  w ou ld  have inc re a s e d  c o n s id e r a b l y .  M e l t  w a te rs  d i v e r t e d  i n t o  th e  
head o f  Woodchuck Canyon c o u ld  have been dammed and d i v e r t e d  by the  lobes 
o f  ice  e n t e r i n g  the  s e v e ra l  no tches from the  e a s t .  These w a te rs  f rom 
ups t ream ,  c o n f i n e d  by i c e  on one s i d e  and a canyon w a l l  on th e  o t h e r ,  
wou ld  have washed o u t  a c o n s id e r a b le  amount o f  the  low l y i n g  Woodchuck 
Canyon V a l l e y  G l a c i e r  and i t s  m o ra in e .  Ev idence t o  s u p p o r t  t h i s  c o n te n ­
t i o n  is  seen in  th e  l i n e a r  s t r e a m l i n e d  ba rs  o f  t i l l  p a r a l l e l i n g  th e  can­
yon f l o o r .  From the  w ind  gap t o  the  apex o f  th e  a l l u v i a l  fa n  on N in e m i le  
P r a i r i e  t h e r e  is  a b r a id e d  s t ream bed, now d r y ,  t h a t ,  j u d g i n g  from the  
la r g e  s i z e  o f  th e  channe ls  and presumed bed lo a d ,  suggests  a fo rm e r  f l o w  
o f  an immense volume o f  w a t e r .  Such a volume o f  w a te r  would  a l s o  have 
been c a p a b le  o f  b u i l d i n g  the  a l l u v i a l  f a n ,  w i t h  i t s  l a rg e  b o u ld e rs  and 
la r g e  channel  f e a t u r e s ,  f rom  th e  m o ra in a l  m a t e r i a l s  a v a i l a b l e  in  th e  can­
yon .
T h is  e x p la n a t i o n  has proposed w a te r  f l o w  th rough  th e  w ind  gap from 
th e  upper p o r t i o n  o f  th e  canyon.  D u r in g  t h i s  g r e a t  o u t f l o w  o f  w a te r  and 
d e b r i s  th ro u g h  the  w ind  gap and o n to  N in e m i le  P r a i r i e ,  t h a t  p o r t i o n  o f  
the  modern Woodchuck Canyon downstream from the  w ind  gap was p r o b a b ly  
dammed w i t h  i c e  to  a c o n s id e r a b le  de p th .  Ev idence t o  su p p o r t  t h i s  sug­
g e s t i o n  i s  found  in  the  f a c t  t h a t  the  modern cou rse  o f  Woodchuck Canyon 
be low  th e  w in d  gap is  some 420 f e e t  be low th e  c r e s t s  o f  the  low h i l l s  
where the  t e r m in a l  m ora ine  is  fou nd .  The lower cou rse  now taken by Wood­
chuck  Canyon w ou ld  have been a v a i l a b l e  a f t e r  the  ice  had m e l t e d .  The
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s u p p ly  o f  m e l t  w a te r  coming down Woodchuck Canyon must have been s u f ­
f i c i e n t  t o  c u t  th ro u g h  the  B e l t  S e r ie s  r i d g e  found on bo th  s id e s  o f  
Highway 20 as i t  e n te r s  modern Woodchuck Canyon. The d o w n - c u t t i n g  o f  
t h i s  B e l t  S e r ie s  r i d g e  enab led  th e  s t ream in  Woodchuck Canyon t o  abandon 
th e  w ind  gap cou rse  and f o l l o w  the  lower r o u t e ,  c u t t i n g  i t s  bed some 
s i x t y  f e e t  be low  th e  w ind  gap. A f t e r  re a c h in g  the  le v e l  o f  the pos t  
" B u l l  L ake "  N in e m i le  P r a i r i e ,  the  w a te r  in  Woodchuck Canyon c o n t in u e d  
t o  e ro d e ,  as ev id ence d  by the  b road cou lee  c u t  in  the  upper t e r r a c e  
( F ig u re s  13. 22, 2 9 ) .
CHAPTER VI SUMMARY AND CONCLUSIONS
The purpose  o f  t h i s  i n v e s t i g a t i o n  has been to  add d e t a i l  co n c e rn in g  
the  deve lopment  o f  P le i s t o c e n e  g l a c i a l  morpho logy  in  Western Montana by 
an i n t e n s i v e  s tu d y  o f  a f i f t y  square  m i l e  area s u r ro u n d in g  the  j u n c t i o n  
o f  the  C le a r w a te r  and B l a c k f o o t  R iv e rs  in  n o r t h e a s t e r n  M is s o u la  County ,  
Montana .
To d e te rm in e  th e  sou rce  and c h ro n o lo g y  o f  th e  C le a rw a te r  G l a c i e r ,  an 
i n v e s t i g a t i o n  was made o f  g l a c i a l  land form s beyond th e  immediate  a re a .
A p ie d m o n t - t y p e  g l a c i e r  was formed in  th e  Swan V a l l e y  by c o a le s c in g  
a l p i n e  g l a c i e r s  f rom c i r q u e s  in  th e  M is s io n  and Swan Ranges, The normal 
n o r th w a rd  f l o w  o f  th e  Swan V a l l e y  G l a c i e r  was a t  l e a s t  tw ic e  and p o s s i b l y  
t h r e e  t imes  p a r t i a l l y  dammed in  th e  v i c i n i t y  o f  B ig  F o rk ,  Montana, by 
lobes o f  th e  C o r d i l l e r a n  Ice  Cap descend ing  the  F la th e a d  V a l l e y .  The 
Swan V a l l e y  G l a c i e r  was f o r c e d  t o  f l o w  h i g h e r  and h ig h e r  ove r  the  c r e s t
o f  the  M is s io n  Range in  the  n o r t h .  A ge nera l  r i s e  in  the  l e v e l  o f  the
Swan G l a c i e r  s e n t  the  o v e r f l o w  o v e r  the  S w an-C learwa te r  d i v i d e  in  the  
s o u th .  T h is  sou thward  o v e r f l o w  formed the  b u l k  o f  the  C le a rw a te r  G l a c i e r ,
The c h r o n o lo g y  o f  th e  C le a r w a te r  G l a c i e r  advances is  r e l a t e d  to  
tho se  advances o f  the  K o o t e n a i - F 1athead  Lobe o f  th e  C o r d i l l e r a n  Ice  Cap 
t h a t  formed th e  M is s io n  and Poison m o ra in e s .  These mora ines have been
a ss igned  as " B u l l  Lake"  and " P i n e d a l e "  in  age r e s p e c t i v e l y .
The C le a r w a te r  G l a c i e r ,  r e i n f o r c e d  by s e v e ra l  t r i b u t a r y  a l p i n e  
g l a c i e r s  f rom w i t h i n  the  C le a r w a te r  d ra in a g e  b a s in ,  advanced sou thward  
as f a r  as th e  B l a c k f o o t  R i v e r  a t  l e a s t  t w i c e .  The B la c k f o o t  R i v e r ,  a 
m a jo r  s t ream  t r a v e r s i n g  the  s tu d y  a re a ,  was dammed and d i v e r t e d  by 
the se  advances cau s in g  a r e l o c a t i o n  o f  th e  r i v e r  bed. The g r e a t  volume
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o f  w a te r  c a r r i e d  by the  B la c k f o o t  R i v e r  was r e s p o n s ib le  f o r  a s teep  
r o c k - c u t  v a l l e y  w a l l  above i t s  l e f t  bank when d i v e r t e d  by the  " B u l l  
Lake"  C le a r w a te r  G l a c i e r  and h e ld  in  c o n t a c t  w i t h  the  v a l l e y  s i d e .
D u r in g  th e  le ss  e x t e n s i v e  " E a r l y  P in e d a le "  advance, the  B l a c k f o o t  R iv e r  
was a g a in  dammed and d i v e r t e d  t e m p o r a r i l y .  D u r ing  the  re c e s s io n  o f  the  
" E a r l y  P in e d a le "  advance,  th e  B la c k f o o t  R i v e r  was a b le  t o  b u i l d  th e  h ig h  
Bear Creek F l a t  t e r r a c e  f rom upstream d e b r i s  and t i l l  s u p p l i e d  from the  
" E a r l y  P in e d a le "  advance.
The " B u l l  L ake "  advance o f  th e  C le a r w a te r  G la c i e r  ex tended f i v e  m i le s  
beyond, the  modern C le a r w a t e r - B l a c k f o o t  R i v e r  J u n c t io n  as ev idenced  by 
the  m o ra ine  remnant i d e n t i f i e d  j u s t  n o r th  o f  Cap W a l lace  G u lch .  The 
combined e f f e c t s  o f  th e  d i v e r t e d  B la c k f o o t  R i v e r  and the r i s e  o f  G la c i a l  
Lake M is s o u la  t o  the  wes t  f l a n k  o f  t h i s  g l a c i e r  caused a l o c a l  r e c e s s io n  
o f  th e  to e  o f  th e  g l a c i e r .  The " B u l l  Lake"  C le a rw a te r  G l a c i e r  reached 
an e q u i l i b r i u m  in  the  w a te rs  o f  G l a c i a l  Lake M is s o u la  in  the  area o f  the  
modern N in e m i le  P r a i r i e .  The t h i c k  l a y e r  o f  t i l l  d e p o s i te d  a t  t h i s  t im e  
makes up th e  b u l k  o f  N in e m i le  P r a i r i e .  A t h i c k  s i l t  veneer was d e p o s i te d  
o v e r  th e  t i l l  p l a i n  o f  N in e m i le  P r a i r i e  when covered by the  w a te rs  o f  an 
arm o f  G l a c i a l  Lake M is s o u la  t h a t  rose  t o  a t  l e a s t  the  4200 f o o t  l e v e l  
d u r i n g  th e  r e c e s s io n  o f  the  " B u l l  La ke "  advance.
The " E a r l y  P in e d a le "  advance o f  the  C le a r w a te r  G l a c i e r  was less  
e x t e n s i v e .  The l a t e r a l  and t e r m in a l  mora ines o f  t h i s  advance a re  g e ne r ­
a l l y  found  n o r t h  o f  the  modern B la c k f o o t  R iv e r  a t  e l e v a t i o n s  above the 
outwash p l a i n  o f  the  " M id d le  P in e d a le "  t e r m in a l  m ora ine  found in  the  
v i c i n i t y  o f  Elbow Lake.
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In the  w e s te rn  p o r t i o n  o f  th e  s tu d y  area a g l a c i e r  m a rg in a l  s t ream 
channe l  t h r e e  m i l e s  in  le n g th  and f o u r  hundred and f i f t y  f e e t  in  depth  
has been c u t  in  r e s i s t a n t  B e l t  S e r ie s  Pre-Cambr ian b ed ro ck .  The chan­
nel  known l o c a l l y  as Woodchuck Canyon was eroded in  " B u l l  Lake" t im e .  
Woodchuck Canyon was s u b s e q u e n t ly  th e  pa th  f o r  movement o f  a lobe  o f  the  
" E a r l y  P in e d a le "  g l a c i e r  i n t o  the  w e s te rn  p o r t i o n  o f  the  a rea .  The 
m ora ine  d e p o s i te d  in  the  lower  end o f  Woodchuck Canyon was washed ou t  
to  fo rm the  la r g e  a l l u v i a l  fa n  on the  n o r th  s i d e  o f  N in e m i le  P r a i r i e ,
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APPENDIX I MAPS AND AERIAL PHOTOS USED
T h is  appe n d ix  l i s t s  those  maps and v e r t i c a l  a e r i a l  photographs used
in  th e  p r e p a r a t i o n  o f  t h i s  t h e s i s .  Source c r e d i t  has been i n d i c a t e d  f o r
those  o b l i q u e  a e r i a l  photos used as i l l u s t r a t i o n s .
Army Map S e r v i c e ,  Western  U n i te d  S t a t e s ,  S e r ie s  D e s ig n a t io n  
V 5 0 2 ,  1 :250 ,000
Name Number L a t . L o n g .
Choteau NL 12-1 47-48 112-114
B u t te NL 12-4 46-47 112-114
W a l la c e NL 11-3 47-48 114-116
Hami1 ton NL 11-6 46-47 114-116
K a l i s p e l 1 NM 11-12 48-49 114-116
Cut Bank NM 12-10 48-49 112-114
U n i te d  S ta te s  Department o f  th e  I n t e r i o r  G e o lo g ic a l  Survey
G e o lo g ic  Map o f  Montana s c a le  1 :500 ,000  1955
To p o g ra p h ic  Maps
Ovando, Montana N4700-W11300/30 s c a le  1 :125 ,000  1902
(a 30 m in u te  quad rang le )
Drumond, Montana N4630-W11300/30 s c a le  1 :125 ,000  1919
(a 30 m in u te  qu adrang le )
B ig  F o r k ,  Montana N4800-W11400175 s c a le  1:24000 1962
(a 7 i  m in u te  qu adrang le )
B lue  l i n e  advance shee ts  o f  7 i  m in u te  q u a d ra n g le s .  The l a t i t u d e  and 
l o n g i t u d e  o f  the  low er  r i g h t  o r  s o u th e a s t  c o rn e r  g i v e n .
Name S ca le L a t • Long •
Ovando 3 SE 1 24,000 47 00 00 113 15 00
Ovando 3 NE 1 24,000 47 07 30 113 00
Ovando 3 NW 1 24,000 47 07 30 113 22 30
Elbow Lake 4 NE 1 24,000 47 07 30 113 30 00
Elbow Lake 4 SE 1 24,000 47 00 00 113 30 00
Ovando 3 SW 1 24,000 47 00 00 113 22 30
Drummond 2 NW 1 24,000 46 52 30 113 22 30
Drummond 1 NW 1 24,000 46 52 60 113 07 30
Bata  M o u n ta in ,  Mont* 1 24,000 46 52 30 113 15 00
Potomac, Mont . 1 24 ,000 46 52 30 113 30 00
Ovando 4 SE 1 20,000 47 00 00 113 00 00
Ovando 4 SW 1 20,000 47 00 00 113 07 30
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US Department o f  A g r i c u l t u r e  -  F o re s t  S e rv ic e  
Name Sca le
L o lo  N a t i o n a l  F o r e s t  1 in
L o lo  N a t i o n a l  F o r e s t  (E as t  H a l f )  i  in
Concon Ranger D i s t r i c t  i  in
Swan Lake Ranger D i s t r i c t  1 in
10 m i l e s  ( 1 :625 ,000)  
1 m i le s  (1 :1 2 6 ,7 2 0 )
1 m i l e  (1 :126 ,720)






V e r t i c a l  A e r i a l  Photos o f  the  C le a r w a t e r - B la c k f o o t  R iv e r  
J u n c t i o n  Area
CSS 1 :2 0 ,0 00 d a te  8 -14 -55
CNQ -  3P -  160 th ro u g h  CNQ -  3P -  167
CNQ -  3P -  175 th rou g h  CNQ. -  3P -  189
CNQ -  3P -  197 th rou g h  CNQ -  3P “  211
CNQ -  4P -  4 th ro u g h  CNQ -  4P -  17
V e r t i c a l  A e r i a l  Photos o f  th e  Swan -C le a r w a te r  D i v id e  Area
USFS 1 :4 0 ,0 00  da te  7 -2 4 -5 8
EFK -  3 -  68 th ro u g h  EFK -  3 -  70 
USFS 1 :4 0 ,0 00  da te  7 -1 6 -58
EFK -  2 -102 th rou g h  EFK -  2 -  107
USFS 1 :4 0 ,0 00  d a te  8 -1 1 -5 8
EFK - 5 - 1 1  th rou g h  EFK -  5 -  15
V e r t i c a l  A e r i a l  Photos o f  thé  Nor th  End o f  th e  M is s io n  Range 
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